Ecology and conservation of the snow leopard (Panthera uncia) in the Annapurna Conservation Area, Nepal by Oli, Madan K.
THE ECOLOGY AND CONSERVATION OF THE SNOW 
LEOPARD (Panthera uncia) IN THE ANNAPURNA 
CONSERVATION AREA, NEPAL 
MADAN K. OLI 
A THESIS SUBMITTED FOR THE DEGREE OF MASTER OF 
PHILOSOPHY 
UNIVERSITY OF EDINBURGH 
1991 
I hereby declare that this dissertation is the result of my own work and the data 
presented here are my own. No part of this dissertation has been submitted to this or 
any other university for any degree or diploma. The work presented here was carried 
Out from the Institute of Cell, Animal, and Population Biology under the supervision 
of Dr. I. R. Taylor and Dr. M. E. Rogers. 
Madan K. Oh 
December 1991 
ACKNOWLEDGEMENT 
This study was carried out under the supervision of Dr. I. R. Taylor and Dr. M. E. 
Rogers. Dr. Taylor also visited me in Nepal and provided much needed on-site 
supervision. Dr. Hemanta A. Mishra of the King Mahendra Trust for Nature 
Conservation, Nepal, provided local supervision during the field work. I am grateful 
to them for their supervision, advice, and help during all stages of this work. 
Funding for the field project was provided by the World Wildlife Fund-US (WWF-
US). The Annapurna Conservation Area Project (ACAP) of the King Mahendra Trust 
for Nature Conservation (KMTNC), Nepal, provided research facilities both in 
Kathmandu and in the field. ACAP also granted me a leave of absence during this work. 
I acknowledge with pleasure the help, support, and cooperation extended to me by Dr. 
Chandra P. Gurung (Director, ACAP), Dr. Bruce Bunting (Director, Asia 
Programme, WWF-US), Mr. Mingma N. Sherpa (Director, Himalayan Programme, 
WWF-US), and Mr. B. N. Upreti (Director General, Department of National Parks 
and Wildlife Conservation, Nepal). 
I am immensely grateful to the Overseas Development Administration (ODA) of the 
British Government and the British Council for their generous support of my studies 
in Edinburgh and in providing the flights to and from Nepal. I am particularly 
thankful to Ms Lindsay Cochrane and Mrs Audrey Napier of the British Council, 
Edinburgh, Major G. N. Pradhan and other staff of the British Council, Kathmandu. 
The field work would not have been possible without the dedication and hard work of 
Khagendra Gurung, Tsering Nima Gurung, and Ang Kami Sherpa, who shared shiver, 
sweat, work, food, and laughter with me throughout the study. Ongyal Ghale, Bishnu 
Lama, and Marcus Cotton gave me a helping hand at various times. Many thanks to 
them. 
Lee White and Dominic McCafferty spent hours patiently correcting my English. They 
also commented on the draft. Dr Douglas Gooday helped me with micro-photography. 
Dave Haswell, Frank Johnston, and John Anthony provided a high quality 
photographic service. George McMillan helped me in setting-up the laboratory for 
scat analysis. Their help is gratefully acknowledged. 
Many friends have helped me in different ways to complete this work. I would 
specially like to thank Dr Harry Jacobson, Dr Per Wegge, Dr Joe Fox, Dr Robert 
Muetzelfeldt, Dr Mirinda Stevenson, Mr Peter Jackson, Suresh and Am Manandhar, 
Monika Foersti, Paul O'Conner, Carol lnskipp, Jonathan Massheder, Kim Martin, 
Peter McCracken, Alison MacLennan, John Hanning, Dave McKenzie, Eric Brown, 
Neil McKay, Deepak Singh, Teeka Bhattarai, Narayan Kaji Gurung, and John Halliday 
for their help. 
Despite the difficulties experienced in the field, Manang was always like my home 
because of the hospitality and friendship of the local people. I am especially grateful 
to Mitchung Gurung, Tsering Dolma Gurung, and Dakpa Dorje Gurung for all their 
help. 
TABLE OF CONTENTS 
Page no. 
ABSTRACT 
CHAPTER 1. INTRODUCTION 	 1 
Objectives 	 2 
CHAPTER 2. THE STUDY AREA 
2.1. Location and boundaries 	 3 
2.2. Geology, topography, and drainage 	 3 
2.3. Climate 	 4 
2.4. Flora and fauna 	 5 
2.5. Landuse practices 	 6 
CHAPTER 3. LITERATURE REVIEW 
3.1. The snow leopard 
3.1.1. Taxonomy and nomenclature 8 
3.1.2. Distribution 8 
3.1-3. Physical characteristics 9 
3.1-4. Number and density 9 
3.1-5. Survey reports i 2 
3.1.6. Home range and movement 14 
3.1.7. Habitat use i 
3.1.8. Marking behaviour i 
3.1.9. Activity 	pattern 1 s 
3.1.10. 	Diet 	 15 
3.1.11. Food requirements 	 16 
3.1.12. Killing and feeding behaviour 	 17 
3.1.13. Conflict with humans 	 17 
3.2. 	The blue sheep 18 
3.2.1. Taxonomy 18 
3.2.2. Distribution i 8 
3.2.3. Number and density 18 
3.2.4. Physical characteristics i 
3.2.5. Survey reports i 
3.2.6. Herd size and composition 20 
3.2.7. Habitat use 21 
CHAPTER 4. DIET OF THE SNOW LEOPARD 
	
4.1. 	Introduction 	 22 
4.2. 	Methods 	 23 
4.2.1. 	Introduction to hair types and structure 	 23 
4.2.2. Collection of scat and reference hair samples 	24 
4.2.3. 	Preparation of identification key 	 26 
4.2.4. 	Identification of unknown hairs in scat samples 
and determination of prey consumed 	 28 
4.3. 	Results 	 29 
4.3.1. 	The hair identification key 	 29 
4.3.2. Diet of the snow leopard 	 48 
4.3.2.1. Overall diet 	 48 
4.3.2.2. Seasonal trend in diet 	 48 
4.4. 	Discussion 	 52 
4.4.1. 	The hair identification key and its limitations 	52 
4.4.2. The diet 	 52 
4.4.3. Livestock as a food of snow leopard 	 53 
4.4.4. Relative importance of prey items 	 54 
4.5. Summary 




5.3.1. Livestock holding 
5.3.2. Sighting of snow leopard 
5.3.3. Livestock predation 
5.3.4. Economic impact of livestock 
predation 
5.3.5. Public perception of snow leopard's 
livestock killing 	behaviour 
5.3.6. Knowledge of wildlife and awareness 
of wildlife related regulations 
5.3.7. Wildlife population trend 
5.3.8. Blue sheep trophy hunting 
5.3.9. Public attitude towards wildlife 
5.3.10. Crop damage by blue sheep 
5.3.11. Reducing the loss 
5.3.12. Snow leopard poaching 




















5.4.1. Reliability of reports on predation 
5.4.2. The pattern of predation 
5.4.3. Economic impact of predation 
5.4.4. Factors affecting predaion losses 
5.4.5. Snow leopard poaching 
5.4.6. Reducing the loss 
5.5. Summary 
CHAPTER 6. STUDY OF THE PREY POPULATION: ASPECTS OF THE 




6.2.1. General survey methods 
6.2.2. Population size and density 
6.2.3. Sex and age criteria 
6.2.4. Recruitment and mortality 
6.2.5. Herd types 
6.2.6. Habitat classification and habitat 
use pattern 
6.3. 	Results 
6.3.1. 	Population size and density 
6.3.2. 	Social organisation 
6.3.3. 	Population composition 
6.3.4. 	Lamb recruitment and mortality 
6.3.5. 	Mortality factors 
6.3.6. 	Habitat use 
6.3.6.1. Habitat types 


























6.3.6.3. Altitude 	 102 
6.3.6.4. Slope 105 
6.3.6.5. Aspect 	 105 
6.4. 	Discussion 	 107 
6.4.1. Population size and density 	 107 
6.4.2. Social organisation 	 109 
6.4.2.1. Herd size 	 109 
6.4.2.2. Adult sex ratio 	 109 
6.4.2.3. Population composition 	 111 
6.4.3. Recruitment and survival of lambs 	 114 
6.4.4. 	Ram mortality 	 ii 7 
6.4.5. 	Habitat use pattern 	 117 
6.4.6. Blue sheep and snow leopard: an 
analysis of predator-prey relationship 	 11 8 
6.4.6.1. An overview of the Manang snow 
leopards 	 i 1 8 
6.4.6.2. Impact of snow leopard 
predation on blue sheep population 11 9 
6.5. Summary 	 121 
CHAPTER 7. CONCLUSION AND RECOMMENDATIONS 
7.1. Introduction 122 
7.2. The 	conflict 122 
7.3. The 	threat 123 
7.4. Research needs 124 
7.5. Management recommendations 125 
7.5.1. 	Reducing the loss 126 
7.5.2. 	Education and participation 132 
7.5.3. Habitat conservation 	 133 
7.5.4. Conservation of the prey population 	 134 
7.5.5. Law enforcement 	 134 




APPENDIX I. Questionnaire used in the survey 	 151 
LIST OF TABLES 
Page no. 
3.1. Weight and length of snow leopards captured in Langu valley. 10 
3.2. Weight and measurements of the snow leopards captured 
during this study. 10 
3.3. Habitat area and population estimates for snow leopards 
throughout its range. 11 
3.4. Summary of number and density of surveyed blue sheep 
populations. 19 
4.1. Number and location of scats collected in different months. 25 
4.2. Mammals included in the hair identification key. 30 
4.3. Characteristics of 'hairs of mammals included in the key. 31 
4.4. Frequency of occurrence of prey items in snow leopard diet. 50 
5.1. Number of households surveyed. 59 
5.2. Types and number of livestock recorded. 60 
5.3. Average livestock holding pattern (per household) 
in Manang. 61 
5.4. Percentage of households reporting livestock lost to snow leopard in 
1988-1990. 62 
5.5. Types and number of livestock reported to have been lost to snow 
leopards in different years. 63 
5.6. Estimated value of livestock lost to snow leopards. 66 
5.7. Reported (and later verified) incidents of predation between 
April 1990 and February 1991. 67 
5.8. Number of snow leopards in Manang: local peoples estimation. 71 
5.9. Reported cases of snow leopard poaching. 75 
6.1. Estimated standing crop biomass of blue sheep in Manang. 91 
6.2. Mean herd size of blue sheep in different season. 93 
6.3. Frequency distribution of observed blue sheep in different 
season. 9 3 
6.4. The composition of blue sheep population in different seasons. 98 
6.5. Ratios of sex and age classes in classified blue sheep. 98 
6.6. Life table for blue sheep rams. 100 
6.7. The pattern of the use of altitude by blue sheep. 104 
6.8. Densities of some Eurasian Caprids. 108 
6.9. Characteristics of some blue sheep populations. 115 
LIST OF FIGURES 
Page no. 
2.1. 	Mean maximum and mean minimum temperature 
recorded at Pangla base camp. 5 
4.1. Seasonal trend in the occurrence of major prey species 
in snow leopard diet. 51 
5.1. Livestock holding pattern in different villages of Manang. 60 
5.2. Seasonal trend in the predation incidents. 64 
5.3. Frequency distribution of economic loss due to livestock 
predation by snow leopards in different years. 66 
5.4. Why do snow leopards kill livestock? A villager's perspective. 69 
5.5. Knowledge of wildlife as indicated by % of correct answers 
to the wildlife related questions. 69 
5.6. Who prohibited hunting? A villager's perspective. 70 
5.7. Perceived reasons for hunting prohibition. 70 
5.8. Public attitude towards snow leopards, blue sheep, and 
wildlife 	in general. 71 
5.9. Suggested methods of reducing loss 75 
6.1. Frequency distribution of observed herd types. 95 
6.2. Age and sex composition of blue sheep population. 95 
6.3. Seasonal trend in sex and age ratio. 96 
6.4. Frequency distribution of different male age classes. 96 
6.5. Survivorship pattern of Manang blue sheep rams. 100 
6.6. Age and sex composition of blue sheep killed by snow leopard. 101 
6.7. Use of habitat types by blue sheep. 103 
6.8. Use of landform types by blue sheep. 103 
6.9. Use of altitude by blue sheep. 104 
6.10. Use of slopes by blue sheep. 106 
6.11. Use of aspect by blue sheep. 107 
ABSTRACT 
This study was undertaken in the upper Manang valley of the Annapurna Conservation 
Area, Nepal, to investigate diet of the snow leopard, aspects of the ecology of the main 
ungulate prey, the blue sheep, the pattern and economic impact of the snow leopard's 
predation on livestock, and to explore the ways of resolving the conflict between 
snow leopards and local human population. 
The diet of the snow leopard was investigated by analysing scats collected between 
April 1990 and February 1991. Seven species of wild and 5 species of domestic 
mammals were found in the diet. Blue sheep were the main prey throughout the year. 
Seasonal changes were recorded, with a decrease in the occurrence of marmot in 
winter, largely because of its hibernation behaviour, and a consequent increase in 
the occurrence of Royle's pika and domestic animals. The main species of livestock 
taken was the domestic yak. 
A questionnaire survey of 102 households of Bhraka, Khangsar, Manang, and Tanki 
Manang villages revealed that predation on livestock by the snow leopard was a 
regular phenomenon. In 1989-90, 72 animals were reported to have been lost to 
snow leopards, which represented a loss of 2.6 % of total stock holding. Although the 
average per household loss was small, there were substantial losses occasionally. As 
a result, local people considered snow leopards to be a pest and had a strongly 
negative attitude towards them. Snow leopards were reported to have been killed by 
the local people in defense of livestock. Most of the villagers interviewed suggested 
eradication of snow leopards as a way of reducing the economic impact of predation 
losses but some of them also considered compensation for the lost livestock as an 
alternative. 
The density of the blue sheep was estimated at 6.6 to 10.2 sheep per km 2 . The 
average herd size varied seasonally and the herd size in winter (10.9 sheep/herd) 
was significantly smaller than that in spring (16.2 sheep/herd) and autumn (23.6 
sheep/herd). Adult sex ratio also varied seasonally from 91.6 males per 100 
females in winter to 126.9 males per 100 females in autumn, which is explained in 
light of differential mortality. The sheep showed a year-round preference for the 
grassy slopes on south to south-west aspects between 4200 to 4600 m. An analysis 
of predator (snow leopard)-prey (blue sheep) relation indicated a predator-prey 
ratio of 1:113-181 on a weight basis. It is suggested that the blue sheep population 
of the study area was adequate to support the estimated snow leopard population. 
It is concluded that the enmity between snow leopards and local human population 
continues to grow as a result of the snow leopard's predation on livestock, which 
presents a serious threat to the long term survival of the snow leopard. Possible 
ways of reducing predation losses and resolving the conflict between snow leopards 
and the local human population are suggested and discussed. 
The snow leopard (Panthera uncia) 
CHAPTER 1 
INTRODUCTION 
The snow leopard (Panthera uncia Schreber 1776) is sparsely distributed in the 
mountains of central Asia. This species has recently been recognised as a symbol of the 
fragility of the high altitude ecosystems and of the international conservation effort 
(Fifth International Snow Leopard Symposium 1988, Sixth International Snow Leopard 
Symposium 1989). 
Snow leopards are elusive and they occupy difficult terrain. As a result, detailed 
ecological studies have been few. Our current level of understanding is inadequate for the 
preparation of sound management strategies. 
Snow leopards are decreasing in number throughout their range, as a result of habitat 
destruction, reduction or decimation of the prey population, as well as killing for fur or 
in defence of livestock. While enmity between snow leopards and local human populations 
continues to grow, the pattern and economic consequences of livestock losses to snow 
leopards are virtually unknown. Little, if anything, has been done to resolve the conflict, 
which presents a serious threat to their survival. 
The long-term survival of snow leopards is doubtful given these threats, limited 
knowledge, and difficulties in law enforcements. This study was undertaken to provide 
data on subjects of relevance to snow leopard conservation. It is also of general ecological 
interest as it examines aspects of a predator-prey relationship in a high-altitude 
Himalayan ecosystem. 
The study was undertaken as a part of the research programme of the Annapurna 
Conservation Area Project (ACAP) and was conducted in upper Manang valley, N-NW of 
Manang Bhot village, which falls under stage II of ACAP management (ACAP 1989). 
1 
Objectives 
The specific objectives of this study were: 
to investigate the diet of the snow leopard, 
to investigate the abundance, population characteristics, and habitat use 
pattern of the main ungulate prey, the blue sheep, 
to investigate the pattern and economic impact of livestock predation, and 
other factors relevent to snow leopard conservation such as the public 
attitude towards snow leopards, 
to explore the ways of reducing predation losses to a level acceptable to the 




THE STUDY AREA 
2.1. Location and boundaries 
The study area lies in the rain shadow of the Annapurna mountain range and is situated in 
the upper Marsyangdi valley of Manang district (28 0 30' N to 28 0 50' N, 83 0 50' E to 
84 0 5' E). The main study site, which covers an area of about 100 km 2 , is roughly 
bordered by the ridge between Thorung-la, Khatung Kang, and Tilicho lake to the west; 
Khangsar Khola (river) to the south; Ghatte Khola (river) to the east; and the ridge of 
Chulu and Ghenjang to the north (map 2.2). Access to the study area is on foot, about 7 
days trek from the nearest road. 
The study area and Manang district as a whole falls under Stage II of the Annapurna 
Conservation Area (ACA). ACA is the newest protected area in Nepal and encompasses an 
area of 2600 km 2  around the Annapurna mountain range (map 2.1). ACA is managed by 
the Annapurna Conservation Area Project (ACAP) of the King Mahendra Trust for Nature 
Conservation, Nepal. Objectives of the project are: conservation of natural resources, 
sustainable local development, and managed tourism development (Annapurna 
Conservation Area Project 1989). The King Mahendra Trust for Nature Conservation 
(KMTNC) is a leading non-governmental organisation in Nepal dedicated to the 
conservation of natural resources. 
2.2. Geology, topography, and drainage 
The study area is dominated by heavily folded gneisses and schists with tourmaline 
granite and sedimentary rock. Ammonite fossils are found in the upper part of the valley 
suggesting that these rocks formed the bed of the Tethys sea more than 40 million years 
ago. Soil is poorly developed with exposed bed rock and low organic matter content. The 
geology of this area has not been investigated and details are not available. 
The study area consists of several ridgelines and valleys with slopes of variable 
steepness and the terrain is generally rugged. Lower altitudes support steppe vegetation 
whilst the higher elevations mostly consist of bare rock. Cliffs, landslides, and screes 
are distributed throughout, but are more prevalent at upper elevations. Altitude ranges 
from approximately 3600 m near the confluence of Jargeng and Khangsar khola to over 
6000 m (map 2.2). 
3 
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Two major streams drain the study area. Jargeng khola, originating near Thorung base 
camp, flows south dividing the N-NE part of the study area into major east and west 
facing slopes. It is joined by several permanent and perennial tributaries which include 
Phenche, Leddar, and Tarken khola on its downward journey. Khangsar khola originates 
from lake Tilicho on the SW extreme of the study area and flows east. Joined by a few 
tributaries, it flows into Jargeng khola just above Manang village. The river, following 
the confluence of Khangsar and Jargeng khola, is known as Marsyangdi. 
2.3. Climate 
The study area lies in the rain shadow of the Annapurna mountain range and the climate 
is dry and cold. There is great variation between mean maximum and mean minimum 
temperatures, and differences of greater than 150  C in one day are not uncommon, 
especially during winter. Temperatures recorded in the Pangla base camp are presented 
in fig. 2.1. 
The climate is characterised by dry spring and autumn seasons interrupted by a few wet 
months. Monsoon follows a hot, dry spring, but the amount of precipitation is very low 
as the south-easterly monsoon is blocked by the Annapurna mountain massif. Autumn is 
generally dry. Winter is characterised by low temperatures (fig 2.1) and some 
precipitation brought about by the westerly Mediterranean wind. Precipitation in 
winter (and at high altitudes throughout the year) is almost entirely in the form of 
snow. 
The average annual precipitation recorded at the nearest weather station (Jomsom, 26 
km NW of the study area) is less than 500 mm (Dobremez and Jest 1976). Rainfall data 
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Fig. 2.1. Mean daily maximum and mean daily minimum temperature recorded at Pangla base 
camp. 
2.4. Flora and fauna 
Vegetation in the study area corresponds to the steppe vegetation type of Dobremez and 
Jest (1 976) which is equivalent to the dry alpine scrub vegetation type of Stainton 
(11972). Up to an elevation of about 4800 m, vegetation consists mainly of grasslands, 
interspersed with scrub characterised by Juniperus squamata, Caragana gerardiana, C. 
brevispina, Artimesia spp., Lonicera spp., Berberis angulosa, Rosa spp., and Ephedra 
gerardiana. Juniperus squamata dominates the scrub community on gentle slopes whilst 
rocky areas and steeper slopes are dominated by Caragana gerardiana, C. brevispina, 
Rosa sericea, Ephedra spp., and Lonicera spp. Both grass and scrub become sparse and 
less important above 4800 m, where plant life consists mainly of Rhododendron 
anthapogan, Potent//la biflora, and Saxifraga spp. Very little or no vegetation is found 
above 5600 m. 
In addition to the vegetation types described above, a few, scattered stands of Betula 
ut//is are found along the river bank below the confluence of Tarken khola and Jargeng 
5 
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khola. A patch of Pinus exce/sa - Betula ut//is - Juniperus indica forest occurs near the 
confluence of Jargeng and Khangsar khola. However, the land area occupied by these 
woods is very small and the vegetation has not been investigated in detail. 
As for plants, animal diversity is low. The only large wild mammals found in this area 
are the snow leopard Panthera uncia, the blue sheep Pseudois nayaur, and the red fox 
Vu/pes vu/pes. Small mammals include the Himalayan marmot Marmota hima/ayana, 
Royle's pika Ochotona roy/ei, least weasel Mustela n/va/is, stone marten Martes fiona, 
and Sikkim vole A/tico/a sikkimensis The avifauna is relatively diverse and includes 
Lammergeier Gypatus barbatus, Himalayan griffon vulture Gyps himalayensis, golden 
eagle Aquila crysaetos, white capped river chat Chaimarrornis /eucocepha/us, Tibetan 
snowcock Tetraoga/Ius tibetanus, Himalayan snowcock Tetraogal/us himalayensis, and 
C h ukar partridge Alectoris chukar. 
Local people report that the wolf Canis lupus has not been seen for more than 15 years. 
There are no reports of common leopard Panthera pardus and no evidence of its presence 
were found during this study. Sympatry between snow leopard Panthera uncia and 
common leopard Panthera pardus may occur in the lower part of the valley, probably 
below Pisang, but not anywhere close to the study area. 
2.5. Land use practices 
Agriculture and animal husbandry are the most important economic activities in the 
area. Most of the farmlands are located near the villages where barley, wheat, potatoes, 
buckwheat, and some vegetables are grown. A few marginal farms have been abandoned 
because of the difficulty of irrigation and low land productivity. Most of the crops are 
sowed or planted in late spring and harvested in autumn. 
A rotational grazing pattern is practiced in this area, therefore, different parts of the 
pasture are grazed in different seasons. Male yaks and oxen are left unattended except in 
the summer and they graze where they wish, whereas other types of livestock are 
guarded. Most of the accessible parts of the study area are grazed by domestic livestock. 
Gathering of firewood is also an important human activity and seems to have affected the 
habitat. In the southern part of the study area, villagers from Tanki Manang come to 
collect firewood, whereas, in the northern part, trekking lodge owners of Yak Kharka, 
Leddar, and Thorung Phedi obtain their wood. In addition, some of the organised trekking 
groups and their support staff obtain firewood from this area. The most important 
source of firewood is the scrub of Juniperus recurva, but Betula utilis is also cut for 
wood. Severe damage is done to scrubs when wood collectors set fire to junipers. Fire can 
spread and destroy vast tracts of the scarce vegetation. Some wood collectors clear large 
patches of juniper making regeneration almost impossible. Burning of grasslands was 
also observed, but it was neither systematic nor regular. Other human activities include 
collection of wild garlic and jimbu (A/hum spp.). Hunting of blue sheep has been 
nonexistent since it was banned by the local monastery about 15 years ago. 
As a part of the popular Annapurna circuit trek, Manang receives over 5000 trekkers 
every year. The main trekking trail passes through the middle of the study area along 
Jargeng khola. Trekking tourism seemed to have affected the habitat in two ways: first, 
by using scarce junipers for firewood and second, by littering the environment with 
non-biodegradable trash. 
This area was selected for the study because: 
it was similar to the snow leopard and blue sheep habitat elsewhere in the 
Himalayas, 
evidence of the occurrence of a dense blue sheep population and the presence of 
the snow leopard was available, 
reports of snow leopards' predation on domestic livestock were received, 
it was thought that snow leopards living in an area of high human activity were 
under more serious threat than those inhabiting remote valleys. 
7 
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Manang is the nearest village.  
CHAPTER 3 
LITERATURE REVIEW 
3.1. The snow leopard (Panthera uncia Schreber 1776) 
3.1.1. Taxonomy and nomenclature 
The snow leopard (Panthera uncia Schreber 1776) is a member of the Order Carnivora, 
Family Felidae and sub-family Pantherinae (Blomqvist 1978, Corbert and Hill 1986, 
Ellerman and Morrison Scott 1951). Some authors follow the monotypic nomenclature 
and use the name Uncia uncia Schreber 1775 (e.g. Hemmer 1967, 1972, Rieger 
1980). However, the former nomenclature appears to be used more widely than the 
latter. 
3.1.2. 	Distribution 
The distribution of the snow leopard is essentially restricted to the mountains of central 
Asia (map 3.1). They are reported to occur in the Hindukush and Pamir mountains of 
north-eastern Afghanistan (Sayer 1980) and in the entire high Himalaya of northern 
Bhutan (Gee 1967, Blower 1986). In China, confirmed reports of their occurrence are 
available from Gansu, Quinghai, Sichuan, and Xinjiang provinces, and Tibet Autonomous 
Region (Schaller et al. 1987, 1988 a, 1988 b, Yanfa and Bangjie 1988). The northern 
border region of the states of Jammu and Kashmir, Arunachal Pradesh, Himachal 
Pradesh, Sikkim, and Utter Pradesh of India are known to have snow leopard populations 
(Dang 1967, Fox etal. 1988, Mallon 1984 a, 1988). In Mongolia, snow leopards occur 
in the mountains of Khovsgol, Khangai, Kharkara, Altai and Trans Altai Gobi (Bannikov 
1954, Mallon 1984 b). 
In Pakistan, they are distributed in the Hind Kush and Karakoram ranges of the northern 
part of the country (Roberts 1977, Sayer 1980, Schaller 1977). In the USSR, they are 
known to occur in the Pamir, Altai, and Tienshan mountains of central Asian Republics; 
Dzhungarian Alatau, Tarbagatai, and Saur ranges of eastern Kazakhstan; and Altai and 











Range of the 
Snow [.ecF,circI 
0 	 SOOmi. 
500 km. 
Map 31. Distribution of the snow leopard (Panthera uncia). 
The snow leopard's distribution in Nepal is restricted to the northern fringe of the 
Himalayas, bordering Tibet (Schaller 1977). Distribution appears to be wider in the 
western half of the country, where they have been reported in Mugu, Dolpo, (Jackson 
1979, Jackson and Ahlborn 1986, Schaller 1977), Manang (Sherpa and OH 1988, this 
study) and Myagdi (Bajimaya et al. 1990). There is circumstantial evidence which 
indicates that they are also found in other districts of north-western Nepal, including 
Gorkha, and Mustang. In eastern Nepal, there are confirmed reports of snow leopard 
occurrence from Lapche (Schaller 1977), whereas the occurrence of a resident snow 
leopard population in the Langtang National Park and Hongu valley region, near 
Sagarmatha National Park, is doubtful (Fox 1974, Jackson and Ahlborn 1987). 
3.1.3. Physical characteristics 
The coat colour is white to cream-yellow with grey to black spots and rosettes (Fox 
1989). Spots on the head, neck and lower limbs are solid whereas large rings or 
rosettes, some enclosing small spots, run along the side of the body and also on the tail. A 
row of compact and elongated spots and two lateral rows of elongated rings extend on the 
back to the root of the tail (Hemmer 1972). Individual snow leopards can be identified 
on the basis of the distribution and arrangement of these spots along the body (Blomqvist 
and Nystrom 1980). 
Body length of adult leopards ranges from 1 t 1.3 m, and the tail from 0.8 to 1 m. They 
stand about 0.6 m at the shoulder and weigh between 25 to 75 kg (Hemmer 1972). 
Weight and length of wild caught snow leopards in Langu valley, Nepal (Jackson and 
Ahlborn 1986), and Manang (this study) are presented in tables 3.1 and 3.2. 
3.1.4. Number and density 
Estimates of snow leopard numbers and densities throughout its range are summarised in 
table 3.3. 
Table 3.1. Weight and length of snow leopards captured in Langu valley. 
Age/sex 	 Weight (Kg) 	Body length (cm) 	Tail length (cm) 
Adult male 50-55 	(est.) na 96 
Sub-adult male 28 114 98 
Sub-adult male 34 102 90 
Adult female 39 113 96 
Adult female 39 96 89 
est. = estimated. 
na = not available 
Source: Jackson and Ahlborn (1986). 
Table 3.2. Weight and measurements of snow leopards captured during this study 
Age & sex Weight Body Tail Front shoulder 
(Kg) length (cm) length 	(cm) Height (cm) 
Ad. female 40-45 111 89 71 
(est.) 
Ad. male 47 115 93 71 
Ad. female 39 113 93 78 
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Table 3.3. Habitat area and population estimates for snow leopards throughout its range. 
Country Area of 




Afghanistan 80000 ? Sayer 	(1980) 
Bhutan 10000 ? Blower 	(1986) 
China 4000000 1400-? Schaller et al. (1988 a, b) 
India 1000000 2000-6000 Dang 	(1967), 
Chandawant et al. (1990) 
Mongolia 130000 500-900 Mallon (1984 b), 
Green 	(1988) 
Nepal 36640 1221 Jackson and Ahlborn (1990) 
Pakistan 80000 100-250 Schaller 	(1977), 
Roberts 	(1 977) 
USSR 400000 1000-2000 Braden 	(1982) 
Source: Modified from Fox (1989) 
Schaller (1977) suggested that snow leopard density in the Himalayas was low even 50 
or more years ago. The available density estimates are: 5 to 10/100 km 2 in Langu 
valley, Western Nepal (Jackson and Ahlborn 1989), 1.5 to 6.6/100 km 2 in Nar -Phu 
Valley, Nepal (Sherpa and Oli 1988), 1.2/100 km 2 in a remote area of Langu Gorge, 
Nepal (Schaller 1977), 0.66/100 km 2 in Ladakh, India (Mallon 1984 a), 2-4/100 
km 2  for the best snow leopard habitat in Ladakh, India (Mallon 1988), 0.35-0.53/100 
km 2 in Taxkorgan reserve, China (Schaller et al. 1987), and 0.83/100 km 2 in 
Dzungarsky Alatau, USSR (Annenkov 1990). However, most of these estimates were 
based on the author's guess based on the distribution of signs. As no standardised method 
was used, these estimates may not be comparable and their accuracy is questionable. 
The world population of snow leopard is unknown, but it is generally agreed that their 
number is fairly low. As a result, they are listed as an endangered species in the IUCN 
Red Data Book (IUCN 1988), and are also included in Schedule I of Convention on 
International Trade on Endangered Species of Flora and Fauna (CITES), outlawing any 
international trade in snow leopard products. The snow leopard is legally protected in all 
the countries throughout its range, except in Mongolia, where it is hunted (Anonymous 
1982, Mallon 1984 b). 
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3.1.5. Survey reports 
Several surveys of snow leopards, based on signs, have been undertaken over the last 
decade. Blue sheep (Pseudois nayaur) were main prey of snow leopards in Quinghai, 
Gansu, and Tomur Feng of Xinjiang, whereas they ate more ibex (Capra ibex) elsewhere 
in Xinjiang. Other mammals, livestock, and birds were also eaten (Schaller etal. 1987, 
1988 a, 1988 b). About 50-75 snow leopards frequented the 14000 km 2 Taxkorgan 
Reserve of Xinjiang (Schaller et al. 1987). The estimated snow leopard population in 
65000 km 2 of suitable habitat in Quinghai province was 650 whereas habitat area and 
number were smaller in Gansu province (Schaller et al. 1988 a). 
Surveys of snow leopards in India were conducted by Mallon (1984 a, 1988, 1991), 
and Fox etal. (1988, 1991). In Ladakh, snow leopards used existing paths, and more 
than half of the signs were found between an altitude of 3750 and 4000 m. Snow leopard 
density in the best habitats in Ladakh was estimated to be 2-4 pe1ri?m2 (Mallon 1988). 
Although the evidence of snow leopards' presence was found between 3250 m and 5200 
m in Ladakh, rocky habitats with low human interference below 4250 m were more 
frequently used (Mallon 1991). Fox et al. (1991) found evidence of a relatively dense 
snow leopard population in central Ladakh in comparison to other parts of the valley. 
They also reported that more signs were found in valley bottoms bounded with cliffs 
around 3800 m. In these valleys tracks were more prevalent in winter as tracks are 
easily visible on snow, whereas scrapes were more prevalent in summer. In north-
western India, snow leopards used habitats with a mean gradient of 240  at a mean 
altitude of 4040 m, where more snow leopard signs were found in steep and rugged 
terrain close to cliffs (Fox et al. 1988). 
In Mongolia snow leopards are reported to prey upon kulan (Equus hem/onus ku!an), 
goitered gazelle (Gaze!Ia subutterrosa), argali (Ovis amman), tolai hare (Lupus to!a,), 
and birds. Snow leopards are considered to be rare in Mongolia (Bannikov 1954, Dash et 
al. 1978, Mallon 1984 b). 
Braden (1982) mapped the distribution of snow leopards and reported that they are 
found in 8 nature reserves of the USSR (Braden 1984). Snow leopards occur in Altai, 
western and eastern Sayan of Siberia (Smirnov et al. 1990). However, another study 
has reported that snow leopards have disappeared from Sayan mountains of USSR, but 
they may make occasional visits from the neighbouring Mongolian territory (Medvedev 
1990). Annenkov1990) estimated snow leopard density in the Dzungarsky Ala Tau, 
USSR, to be 0.83km2  and suggested that snow leopards show a preference for canyon- 
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like, steep habitat with inaccessible gorges in this area. In Zailisky-Alatau, USSR, 
Siberian ibex (Capra ibex siberica), was the main prey, but other ungulates (e. g. 
argali Ovis amman, Siberian deer (Ceivus elaphus) and small mammals (e.g. marmot 
Marmota caudata, hare Lepus to/a,) were also eaten. Sokov (1990) estimated the snow 
leopard population in Pamir Altai of Tadzhikistan Republic, USSR, to be in the range of 
200-300 individuals. 
In Nepal, Jackson and Ahlborn (1987) surveyed the Hongu valley of eastern Nepal. They 
found evidence of snow leopards there but doubted that there was a resident population. 
Sherpa and Oh (1988) reported that 8-15 snow leopards frequented Nar and Phu 
valleys and estimated leopard density at 1 per 15-25 km 2 They found more signs in 
habitats between 3500-4000 m on south-westerly aspects with the gradients between 
22440. 
As noted earlier, these surveys were conducted independently in different parts of the 
snow leopard's range. Because no standardised survey method was used the results may 
not be comparable and the credibility of these data is questionable. 
Until recently, little was known about the ecology of free-ranging snow leopards. 
Attempts at field studies were greatly discouraged by their secretive habit, low number, 
sparse distribution, and largely inaccessible habitats. Schaller (1977) wrote: "Rare, 
shy, and withdrawn into one of the most remote regions on earth, it has been encountered 
by a few outsiders. I ventured into the mountains with the hope of studying snow 
leopards, but my attempts failed, as almost perversely the animals eluded my efforts to 
observe them. In my chosen study area around Chitral Gol, most snow leopards were shot 
before I could begin intensive study". However, following recent studies (Chandawant 
1990, Ahlborn and Jackson 1988, Jackson and Ahlborn 1986, 1988, 1989, this 
study), we now know more about the ecology of this endangered cat. 
Our understanding of free-ranging snow leopards has greatly benefitted from the work of 
Jackson and Ahlborn (1986). Based on the findings of a long-term ecological study in 
western Nepal, they published a series of papers describing various aspects of snow 
leopard ecology. This included: a preliminary habitat suitability model (Jackson and 
Ahlborn 1984); movements, home-range, sociality, marking behaviour, activity, and 
habitat use (Ahlborn and Jackson 1988, Jackson and Ahlborn 1986, 1988, 1989); and 
capture and immobilisation of wild snow leopards (Jackson et al. 1990). However, it is 
not understood whether and to what extent home range size, activity, movement, habitat 
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use, and marking behaviour varies with different habitat conditions and prey abundance 
due to the lack of comparative data. 
Available information on various aspects of snow leopard ecology is reviewed in the 
following paragraphs, which has drawn heavily from the above mentioned works. 
3.1.6. Home range and movement 
The home range (minimum area polygon) of snow leopards in Langu valley, western 
Nepal, ranged from 11.7 km 2 to 38.9 km 2 , with an average home range size of 20.9 
km 2  (Jackson and Ahlborn 1986, 1988, 1989). Chandawant (1990) reported that late 
winter home range (minimum area polygon) of a snow leopard in Ladakh, India, was 19 
km 2 . However, this estimate was based on a small number of locations of a radio-
collared leopard over a short period of time and, therefore, may not represent the actual 
home range size of the collared leopard. Given the topographic relief of the habitat, 
actual home range size may be 20 to 30 % greater than the figures presented above 
(Jackson and Ahlborn 1986). 
The home ranges of 5 radio-collared snow leopards overlapped almost entirely both 
between and within the sexes in Langu valley (Jackson and Ahlborn 1986, 1988, 
1989). Size of the core area (i.e. area of concentrated use) for Langu snow leopards 
varied between 2.3 to 5.4 km 2  which was 14.4 % to 23.9 % of the home area. Despite 
the fact that snow leopards in Langu valley shared a common space, it was suggested that 
they were separated temporally, confirming their solitary status (Jackson and Ahlborn 
1988). 
The mean minimum distance travelled between two consecutive days was 1.01 km for 
females and 1.3 km for males, and ranged from 0.2 km to 4.7 km (Jackson and Ahlborn 
1986, 1988, 1989). Instances of snow leopards migrating to a distance of up to 600 km 
have been reported from the USSR (Koshkarev 1990). 
3.1.7. Habitat use 
In the Nepalese Himalayas, snow leopards inhabit sub-alpine and alpine habitats, 
generally above 3000 m (Jackson and Ahlborn 1986, Sherpa and Oli 1988). However, 
they are also reported to inhabit coniferous forests and rhododendron scrubs elsewhere 
in their range (Dang 1967, Guggisberg 1975, Roberts 1977) and as low as 600-1500 
m within these habitats (Novikov 1956, Stroganov 1962). Therefore, their habitat use 
pattern can be expected to vary in different parts of their range. 
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Snow leopards in Langu valley prefered steeper slopes (> 350)  (Jackson and Ahlborn 
1986, 1988, 1989). They used cliffs more frequently than expected while even-
surfaced slopes were used less frequently than expected. The level of use increased with 
an increase in the brokenness of terrain, suggesting snow leopard's preference for steep 
and broken slopes. The altitude above 4200 m was less frequently used while altitudes 
between 3000-3600 m were used more than expected. Similarly, south-westerly 
slopes were used more frequently than expected and northerly aspects were less 
frequently used. Snow leopards showed a strong preference for the use of cliffs, and 
whenever they were not located on a cliff, they tended to occur within 50 m from cliffs 
(Jackson and Ahlborn 1986, 1988, 1989). 
3.1.8. Marking behaviour 
Free-ranging snow leopards mark their environment with scrapes, secretion from the 
anal gland, and tree-rakes (Ahlborn and Jackson 1988, Fox et al. 1988, 1991, Jackson 
and Ahlborn 1986, Mallon 1988). Among various signs, scrapes are more commonly 
used for establishing new mark-sites. Scrapes may be left singly (non-relic sites) or in 
a group of up to 24 individual scrapes (relic sites), and scraping in an already existing 
scrape (re-scraping) may also be common. Urine and/or secretion from anal glands may 
sometimes be deposited in scrapes. Cliffs and broken slopes are marked significantly 
more than even-surfaced terrain, and cliffs and promontories are the most frequently 
marked among all topographic features (Ahlborn and Jackson 1988, Jackson and 
Ahlborn 1986, Fox et al. 1988, 1991). The markinci behaviour of snow leonard may 
have evolved to minimise unwanted encounters between individuals sharing a common 
space (Ahlborn and Jackson 1988, Leyhausen and Wolff 1959). 
3.1.9. Activity pattern 
Snow leopards are crepuscular, with activity peaking in dusk and dawn (Jackson and 
Ahlborn 1986). In Langu valley, both sexes were more active than expected at dusk but 
only males were more active than expected at dawn (Jackson and Ahlborn 1986). 
3.1.10. 	Diet 
Published reports show that the diet of snow leopards varies considerably depending 
upon the type of prey available in different parts of their range. However, wild goat and 
sheep appear to be the primary prey throughout their range. 
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Blue sheep (Pseudo/s nayaui) were the main prey in Shey and Lapche of Nepal (Schaller 
1977), Taxkorgan, Quinghai, and Gansu of China (Schaller etal. 1987, 1988 a, 1988 
b), whereas principally ibex (Capra ibex) were eaten in Tomar Feng, China (Schaller et 
al. 1987, 1988 b), and the Sanctuary of Alma Ata, USSR (Zhirjakov 1990). Markhor 
(Capra faiconeri) formed the bulk of their diet in Chitral, Pakistan (Schaller 1977). 
Other prey types known to form a part of snow leopard diet include: argali (Ovis 
ammon), urial (Ovis or/entails), tahr (Hemitragus jemlahicus), goral (Nemorhaedus 
goral), serow (Capricorn/s falconer/), takin (Buborcas tax/color), musk deer 
(Muschus chrysogaster), Cervus deer, roe deer (Capreolus capreoius), kulan (Equus 
hem/onus ku!an), goitered gazelle (Gaze!Ia subgutterosa), wild boar (Sus scrota), hare 
(Lepus to/al), squirrel (Sc/urus vulgaris), fox (Vulpes spp.),voles ((Microtus spp.), 
snow cock (Tetraoga!ius spp.), and chukar partridge (Aiectoris chukar) (Bannikov 
1954, Dang 1967, Dash et al. 1978, Jackson and Ahlborn 1988, Mallon 1984 a, 
Schaller 1977, Schaller et al. 1987, 1988 a, 1988 b, Zhirjakov 1990). 
Snow leopards are also reported to scavenge from domestic yak Siberian ibex, and roe 
deer carcasses (Schaller 1977, Zhirjakov 1990). Predation on domestic livestock 
occurs in most, if not all, of its range (Fox etal. 1988, 1991, Mallon 1984 a, Schaller 
1977, Schaller etal. 1987, 1988 a, 1988 b, Sherpa and OIl 1988). 
However, most of these studies were based on small number of scats collected over a 
short period of time. Although the above literature gives an indication of what snow 
leopards eat in different part of their range, there are no data on such aspects of their 
feeding ecology as seasonal or annual trends in diet and their foraging behaviour. 
3.1.11. Food requirements 
Based on the studies of captive cats, Jackson and Ahlborn (1984) estimated the food 
requirements at 1.3-2.0 kg/day and calculated that 600-900 kg of meat is required by 
a wild adult snow leopard per year. They also calculated that an adult snow leopard eats 
20-30 blue sheep annually and suggested that a blue sheep population of 150-200 
animals would be required to support an adult cat. However, Wemmer and Sunquist's 
(1988) estimate was slightly higher (1.5-2.5 kg/day). Their calculations show that 
26 blue sheep-sized prey would be eaten by an adult free-ranging snow leopard per 
year, and that a population of 260 blue sheep-sized prey would be required to support 
an adult cat. 
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While the estimates of food requirements may be reasonable, the number of ungulate 
prey required per year may be an over-estimate given the importance of other prey 
items in their diet. 
3.1.12. Killing and feeding behaviour 
Snow leopards kill their prey with a throat or nape bite (Fox and Chandawant 1988, 
Jackson and Ahlborn 1988). They may eat the viscera first (Fox and Chandawant 1988) 
or start eating from the rump after eviscerating their prey (Jackson and Ahiborn 
1988). While an adult blue sheep may provide enough food for a snow leopard for 3-5 
days, a female and her 2 cubs can consume an adult blue sheep in 48 hours(Jackson and 
Ahlborn 1988), or a goat can be eaten completely by a cat overnight (Fox and 
Chandawant 1988). 
3.1.13. Conflict with humans 
Livestock predation appears to be the single most important cause that has brought snow 
leopards into direct conflict with human populations. It had been suggested in the past 
that snow leopards should be regarded as vermin, and in fact, were so treated legally in 
some parts of their range (Schaller 1977, Ward 1923). They are reported to kill 
domestic livestock throughout their range and themselves often get killed in revenge 
(Annenkov 1990, Fox et al. 1988, 1991, Jackson 1991, Mallon 1984 a, Sayer 1980, 
Schaller 1977, Schaller et al. 1987, 1988 a, 1988 b). 
Snow leopards were reported to kill 1 yak and 95 sheep and goats in the upper Indus 
valley, India, In the winter of 1983-84 (Mallon 1984 a). In Ladakh, India, 65 
livestock, mostly sheep and goats were killed during a 12 months period in 1985-86 
(Fox et al. 1988). Schaller et al. (1987) reported that 821 sheep and goats, and 77 
large domestic animals, mostly yaks, were lost to snow leopards and wolves in Taxkorgan 
reserve, China, between January 1984 and April 1985. They also noted that the loss of 
3 goats to snow leopards represents a considerable financial burden to a herdsman with 
just 50 animals. In Nar and Phu, Nepal, 10 yaks and cow calves, 25 sheep and goats, and 
3-4 horses were killed by snow leopard annually (Sherpa and Oil 1988). 
Snow leopards are often killed by the local people in defense of their livestock in many 
parts of their range. At least 5 snow leopards were killed in central Ladakh, India, 
during 1983-84 (Mallon 1984 a). Fox et al. (1991) reported that 5-10 snow 
leopards were killed by local people in revenge of livestock predation between 1983-88 
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in Ladakh. During 1978-82, 5 snow leopards were killed in Suru valley of southern 
Ladakh (Osborne et al. 1983). 
However, the pattern, intensity, and economic impact of livestock predation in any part 
of their range are as yet not understood due to the lack of data. There have been no 
reports of snow leopards attacking or killing humans. 
3.2. The blue sheep (Pseudois nayaur Hodgson 1833) 
3.2.1. Taxonomy 
The sole representative of the genus Pseudois, the blue sheep (Pseudois nayaur Hodgson 
1833) belongs to the Tribe Caprini, and the sub-family Caprinae of the family Bovidae. 
Ellerman and Morrison Scott (1951) recognised two sub-species of P. nayaur: P. n. 
nayaur from Tibet, and P. n. szechuanensis from Shensi and Kansu, China. The dwarf 
blue sheep (P. ii. scha ten) from upper Yangtse has been described and distinguished 
from the blue sheep (P. nayaur) from the Himalayan region and western China (Corbet 
and Hill 1986). Recently, Wu et al. (1991) studied the dwarf blue sheep in Sichuan, 
China, and showed that they differ both behaviourally and morphologically from blue 
sheep (P. n. nayaur). They suggested that dwarf blue sheep should be considered as a 
different species (P. schafen) rather than a sub-species (P. n. schafen). 
Taxonomically, the blue sheep continues to be controversial as it possesses 
morphological and behavioural characteristics of both sheep and goats (Schaller 1977, 
1974). It resembles sheep in the absence of a beard, calluses on the knees, and a strong 
odour, whereas, it resembles goat in having a broad tail with a naked ventral surface, 
conspicuous markings on the forelegs, and large dew claws. On balance, the blue sheep 
was originally considered to be a true sheep, and was named Ovis nayaur, and Ovis 
nahoor (Ellerman and Morrison-Scott 1951). It is currently considered to be an 
aberrant goat with sheep like affinities (Schaller 1977). 
3.2.2. Distribution 
The geographic distribution of blue sheep is essentially restricted to Tibet and adjacent 
Himalayan and Karakoram range. The countries with known blue sheep population 
include Afghanistan, Bhutan, China, India, Mongolia, Nepal, and Pakistan. 
In Nepal, blue sheep are distributed along the southern slopes of the greater Himalayas 
bordering Tibet. Their distribution continues eastwards from Darchula, North-western 
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border of Nepal, through Dolpo, Mustang, Manang, and Gorkha districts. Their 
distribution breaks in Gorkha, but they reappear further east in two populations one 
each in Lamobagar and on the south-western slopes of Kanchenjunga, near the border 
with Sikkim (Wegge and Oh, in prep.) 
3.2.3. Number and density 
Some estimates of number and densities of blue sheep are available, but only for a small 
part of their range. Table 3.4 summarises the available data for the studied sheep 
populations, which clearly show the variation in their densities in different study areas. 
Table 3.4. Summary of number and density of surveyed blue sheep populations. 
Location 	 Number 
	















0.8-0.9 	Wilson (1981)* 
0.9-1.3 Schaller(1977) 
1.4 	Schaller (1973) 
1 0 	Wegge and Oh (1988) 
7.5 Sherpa and Oh (1988) 
1.07-5.32 	Schaller et al. (1988 a) 
* Wegge (1976) estimated the sheep population at 590 to 700 animals in Dhorpatan, and their 
density atl.9 to2.3animals/sq mile. 
The world population of blue sheep is unknown but they are considered to be common in 
most parts of their range. Wegge and Oh (in prep.) estimated a minimum blue sheep 
population of 10000 in its range of approximately 15000 km 2 in Nepal. 
3.2.4. Physical characteristics 
On average, blue sheep males and females weigh 60 kg and 40 kg, and stand 91 and 87 
cm at the shoulder, respectively (Schaller 1977). In Dhorpatan, Wegge (1976) 
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recorded a maximum weight of males and females at 59 and 40 kg; and shoulder height 
89 cm and 78 cm respectively. 
The horns in males grow backward, and in older rams, they tend to grow slightly 
outward as well. In females, the horns grow straight up, and flare slightly sideways. The 
average maximum horn length in males is 78 cm with a record length of 84 cm 
(Schaller 1977). The horns in females are much smaller in comparison to males and 
seldom exceed 20 cm. 
The general colour of the body is brownish grey, mixed with slaty blue (Prater 1980), 
hence the name blue sheep. A dark colour predominates on face and chest, and a black 
stripe runs along the length of the belly on each side. In females, dark colours are not as 
distinct as in males. 
3.2.5. Survey reports 
Most of the reported blue sheep studies were either surveys, or behavioural studies, and 
were conducted in Nepal and India. Schaller (1977) summarised the results of his 
surveys and behavioural studies in a book. Wegge (1976) surveyed the blue sheep 
population and habitat in Dhorpatan with special reference to trophy hunting. His 
results later appeared with a more detailed analysis of the sheep population (Wegge 
1979). Wilson (1981) reported on the general ecology and habitat use in Dhorpatan, 
and also studied the reproductive behaviour (Wilson, 1983). Other surveys of 
population and habitat were conducted in Nar and Phu Valleys (Sherpa and Oh, 1988), 
and north-northwest of Manang (Wegge and OIl 1988). Apart from the above mentioned 
works, a field study of blue sheep population and behaviour has recently been completed 
in Langu valley, west Nepal, and the report is in preparation (K. B. Shah pers. comm.) 
Another study of blue sheep population and habitat is currently under way in Ladakh 
(Chandawant etal. 1990). Available information on their ecology is summarised in the 
following paragraphs. 
3.2.6. Herd size and composition 
Judging from the available literature, blue sheep herd size and composition is variable. 
Group size may range from a solitary animal (Chandawant et al. 1990, Sherpa and Oh 
1988, Wegge 1976, Wegge and Oli 1988) to a herd of 162 sheep (Sherpa and Oh 
1988). However, most of the groups appear to be of medium size. For example, in 
Dhorpatan, about 75 % of the herds consisted of 2 to 15 sheep (Wegge 1979). In Nar 
and Phu, Nepal, 65 % of herds consisted of 2 to 15 sheep (Sherpa and Oli 1988). The 
average herd size in N-NW Manang (17.9 sheep/herd, Wegge and Oli 1988) and Nar 
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and Phu (17.4 sheep/herd) was higher than other study areas such as Dhorpatan (9.3-
11.7 sheep/herd, Wegge 1979) and Lapche (11 sheep/herd, Schaller 1974). In Hemis 
High Altitude National Park, India, mean herd sizes were 9, 10, and 19 sheep/herd in 
winter, spring, and summer, respectively (Chandawant et al. 1990). 
Adult sex ratio was biased towards males in some populations (e.g. Lapche, Phuksundo, 
and Shey: Schaller 1977; Dhorpatan: Wegge 1976), whereas, in others, it was biased 
towards females (e.g. Phagune and Barse, Dhorpatan: Wegge 1976; Seng, Dhorpatan: 
Schaller 1977, High Altitude Hemis National Park, India: Fox et aL 1990). Similarly, 
sex and age composition of blue sheep herds in different study areas were very variable, 
which, together with other population characteristics, are discussed in Chapter 6. 
3.2.7. Habitat use 
Blue sheep live above the tree line, at an altitude of 3500 m upward to the limit of 
vegetation (Schaller 1977). In the Yangtse gorge, China, some populations descend as 
low as 2600 m (Schafer 1937) whereas, evidence of their presence has been found as 
high as 5900 m (Sherpa and OH 1988). More than half of the herds were observed in 
the altitudinal range of 4400 m to 4700 m in Nar and Phu (Sherpa and Oli 1988). In 
Hemis High Altitude National Park, India, mean elevation of sheep herd distribution was 
4220 m and it ranged from 3600 m to 4800 m (Chandawant et al. 1990). In Dhorpatan, 
more sheep herds were observed between 12500 ft (4128 m) and 14500 it (4424 m). 
There, they tended to move to lower elevations during winter (Wegge 1976). 
Open and smooth grassy slopes are important feeding sites for blue sheep, whereas 
broken and rocky areas are used for bedding. They use south-westerly aspects more 
frequently and northerly aspects are least used. In the Nepalese Himalayas, blue sheep 
prefer smooth grassy slopes of medium steepness in south-westerly aspects around the 
altitudinal range of 4000-4500 m. (Sherpa and Oli 1988, Wegge 1976, Wilson 
1981). In Hemis High Altitude Hemis National Park, India, blue sheep used broken 
terrain more frequently, whereas smooth slopes were used more frequently in spring 
and summer Chandawant et al. 1990). The habitat use pattern of blue sheep is discussed 
in detail in Chapter 6. 
However, the population characteristics and habitat use pattern of blue sheep will 
generally depend on the habitat quality, forage availability, predation pressure, and 
human activities. How herd size and composition, and habitat use pattern of blue sheep 
are related to these factors is as yet not understood. 
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CHAPTER 4 
DIET OF THE SNOW LEOPARD 
4.1. Introduction 
Knowledge of a predator's diet is important not only for understanding its ecology, but 
also for predicting its influence on the dynamics of the prey population, and for 
designing and implementing conservation programmes. The need for precise information 
on the diet of the snow leopard further arises from the suggestion that they kill livestock 
over most of their range (e.g. Fox et al. 1988, Mallon 1984 a, Sherpa and Oli 1988, 
Schaller 1977, Schaller et al. 1987) bringing them into a conflict with humans. 
Farmers may tend to attribute all unknown livestock losses to predators, and therefore 
analysis of faeces is probably the only way to find out whether and to what extent 
livestock feature in their diet. 
Snow leopards have been reported to prey upon blue sheep (Pseudois nayaur), Asiatic 
ibex (Capra ibex), markhor (Capricornis falconeri), Himalayan tahr (Hemitragus 
jemlahicus), musk deer (Muschus chrysogaster), Tibetan argahi (Ovis ammon), Tibetan 
wild ass (Equus hemionus kiang), kulan (E. h. ku/an), small mammals (e.g. marmot 
Marmota spp., Royle's pika Ochotona roy/el), as well as on livestock and birds 
(Bannikov 1954, Dang 1967, Fox 1989, Hemmer 1972, Mallon 1984 a, Schaller 
1977, Schaller et al. 1987, 1988 a, 1988 b, Jackson 1979, Zhirjakov 1990). 
However, most of the available information on snow leopard diet are based either on 
small sample sizes or on the scats collected over a short period of time, and are 
inadequate to understand any seasonal trend in dietary habits. 
In this chapter, I shall present an analysis of diet and it's seasonal variation. Since no 
literature was available on the identification of Himalayan mammal hair, the faecal 




A common problem in dietary studies of mammalian predators based on faecal analysis 
is that more obvious characteristics of the prey consumed are lost in the process of 
mastication and digestion. Investigators have to depend entirely on hard, indigestible 
parts of the prey such as hair, teeth, and bones. Larger bones, and teeth, with the 
possible exception of those of small mammals, are generally fragmented, and therefore 
are of little use. However, hair suffers little in the process of digestion, and retains 
many identifiable features. The identification of remains, in particular, hairs, has been 
reliably used in the dietary studies of a wide range of mammalian carnivores (e.g. coyote 
Canis latrans: Leopold and Krausman 1986, Gipson 1974, Howethorne 1972, Wilson 
1967; fox Vulpes vulpes: Leopold and Krausman 1986, Lockie 1959; bobcat Lynx rufus: 
Maeher and Brady 1986, Baily 1979, Beasom and Moore 1977, Fricket 1971; wolves 
Canis lupus: Fritts and Mech 1981, Voigt et al. 1976; mountain lion Fe/is concolor: 
Emmons 1987, Leopold and Krausman 1986; feral cats Fe/is catus: Liberg 1984, Coman 
and Brunner 1972; Jaguar Panthera unca, and ocelot Fells pardalis: Emmons 1987; 
cougar Fe/is concolon Ackerman et al. 1984). 
4.2.1. Introduction to hair types and structure 
Broadly, 5 types of hair have been recognised (Brunner and Coman 1974): vibrissae, 
bristle hair, over-hairs, guard hair, and under-hair. Other types exist, such as pad 
hair, but are seldom encountered during dietary studies. Vibrissae are widest in the 
proximal half and become narrower towards the tip. Bristle hairs are rigid and of 
uniform diameter, with narrow or no medulla, and are found only in some mammals such 
as some breeds of domestic pig. Over-hairs are sparsely distributed along the body and 
are conspicuously longer than other hairs. They generally appear circular in cross 
section, and like vibrissae and bristle hairs, are of little diagnostic value. Under-hairs 
or fur are fine and very short. They are generally wavy, and of uniform thickness except 
at the tip, where they taper. Guard hairs are of intermediate length, and are the larger 
and coarser of the hairs that form the main portion of pelage of most mammals. The base 
and tip are circular but the central portion becomes flattened and wider, and is known as 
the shield. It is the largest of these guard hairs, known as primary guard hairs, which 
are most important in hair identification as they exhibit diagnostically useful features. 
Hair is composed of keratin, and consists of 3 layers (Brunner and Coman 1974): the 
central core or medulla, a layer of cortex surrounding the medulla, and an outermost 
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layer, the cuticle. The medulla is composed of an aggregation of shrunken cells and air 
spaces and appears dark under the microscope. By infiltrating the air spaces between the 
cells of medulla with suitable mounting medium, detailed structure can be revealed 
which varies greatly between species, and also between different hair types of the same 
species. On the basis of the general shape and arrangement of medullary materials, 12 
distinctly different types of medulla have been recognised (Brunner and Coman 1974). 
The cortex is also composed of dead cells packed into a homogeneous mass not clearly 
visible under the light microscope. There is considerable variation in its width and in 
the ratio of cortex to medulla between the hair of different species, and also along the 
length of the same hair. 
The cuticle or the epidermal layer forms the thinnest, outermost and often transparent 
layer of hair and consists of overlapping scales. Along the length of a hair, scales are 
flattened against the main hair body with their main body pointing towards the hair tip, 
and are arranged in a way similar to tiles on a roof. Brunner and Coman (1974) 
recognised 12 different types of scale patterns on the basis of their shape and 
arrangement. 
The cross sectional appearance of the primary guard hair is one of the most important 
features used in hair identification (Brunner and Coman 1974). Apart from this, other 
diagnostic features include the shape and arrangement of medulla, width of the medulla, 
the ratio of cortex to medulla, the form and distribution of pigment in medulla and 
cortex, and the shape and arrangement of cuticular scales. 
4.2.2. Collection of scat and reference hair samples 
Snow leopard scats were collected whenever found throughout the study area between 
April 1990, and February 1991. The scats were identified on the basis of size and 
associated signs such as scrapes and pugmarks. There was little difficulty in 
distinguishing snow leopard scats from those of other predators, because of the absence 
of other predators of similar size. Age of scats was determined on the basis of smell and 
firmness and old, degenerating scats were not collected. The collected scat samples were 
sun-dried, labelled, and stored in polythene bags for laboratory analysis. Number and 
location of scats collected each month is presented in table 4.1. As scats were randomly 
sampled from all parts of the study area, the sample was considered to be representative 
of the scats deposited by all snow leopards using a part or whole of the study area. 
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Table 4.1. Number and location of scats collected in different months (refer to map 2.2 
for location). 
Location of collection 
Month 	Leddar- 	Gunsang- 	 Khorche- 	Phuchembra- 
Yak Kharka Bhraken Pangla Tarken 	Ghenchang Thorung Khangsar 	Total 
January 4 3 5 4 4 0 0 20 
February 0 0 1 1 1 0 0 3 
March 0 0 0 0 0 0 0 0 
April 2 0 2 0 0 10 4 18 
May 3 5 6 13 2 7 9 45 
June 6 6 2 1 0 2 12 29 
July 8 5 0 2 0 2 6 23 
August 1 1 1 1 0 1 4 9 
September 1 0 0 1 0 4 0 6 
October 0 1 1 0 0 6 0 8 
November 13 2 1 13 0 2 3 34 
December 2 0 4 1 5 1 5 18 
Total 	40 	23 	23 	37 	 12 	35 	 43 	213 
NR 
Reference hair samples were collected from mammals, both domestic and wild, known to 
occur in and around the study area. Hairs were collected in complete tufts from different 
body parts which included a representative sample of all hair types. Although the 
Himalayan tahr (Hemitragus jemlahicus) is not found in the study area, it was included 
in the key because it occurs in the snow leopard's range elsewhere in Nepal (Jackson 
and Ahlborn 1989). Hairs of Himalayan marmot and Himalayan tahr were generously 
provided by the British Museum (Natural History), London, and the National Museums 
of Scotland (Natural History), Edinburgh, respectively. 
4.2.3. Preparation of identification key 
A full tuft of hair, that included all hair types, was cleaned thoroughly in an ether-
alcohol mixture (1:1) and was dried between blotting paper. The hairs were then studied 
according to the methods described by Brunner and Coman (1974) with minor 
modifications. 
Whole mount 
A tuft of clean hair was placed on a clean microscopic slide. Individual hairs were well 
separated from each other to avoid an untidy jumble of hairs on the slide. Long hairs 
were cut into two or more pieces before they were placed on the glass slide. Euparal was 
used as mounting medium for preparing permanent reference slides, whereas paraffin 
oil was used as a temporary mounting medium for the routine identification of unknown 
hairs. 
Cross section 
Hair cross sections were obtained using a stainless steel slide of 75 x 25 x 0.25 mm 
dimensions with 2 holes of 0.' 5 mm diameter. Holes of 0.25 mm diameter were found 
appropriate for obtaining cross sections of finer and scarcer hairs. A folded nylon thread 
was sent through the hole into which a packing yarn of 330 decitex cellulose acetate was 
introduced. The packaging material was pulled a short distance with the help of the 
thread, and a tuft of clean and dry hairs was introduced into the centre of the fan of the 
packaging material. The hair and the packaging material were then pulled through the 
hole until the whole bundle was tightly secured in the hole. The hair bundle with the 
packaging material of the cellulose acetate yarn was cut flush on both sides of the plate 
with a new sectioning blade. The cross sections were then studied under the microscope 
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after placing a drop of liquid paraffin and a coverslip directly over the sectioning hole. It 
was important to keep the sectioning slides highly polished, clean, and slightly contoured 
on both sides to obtain good results. The plate could be re-used after removing the cross 
sections from the hole, and cleaning it thoroughly. 
Scale replication 
A thin coating of 5 % polyvinyl acetate (pva) in acetone was applied to one side of a 
coverslip using a flat brush. It was then allowed to dry until no longer sticky. Clean, dry 
hairs were placed on the coverslip, some with lower shaft region overhanging and some 
with the tip overhanging the edge of the coverslip. A clean glass slide was placed on top of 
the cover slip and all hairs were gently pressed into the medium which was then allowed 
to dry. The hairs were then removed gently from the medium by holding individual hairs 
with a pair of fine forceps. The coverslip was then inverted unto a microscopic slide and 
the scale replica was studied under the microscope. It was often necessary to make 
several cross sections or scale casts before a good one could be obtained. 
Microphotography 
Microphotographs of the representative cross sections, medulla, and scale patterns along 
the length of the hairs of each species were taken at a standard magnification. Permanent 
slides could be prepared only of whole mounts. It was therefore necessary to photograph 
the scale patterns and cross sections as soon as possible. Since both medullary 
arrangements and cuticular scale patterns varied considerably along the length of an 
individual hair, it was necessary to take several photographs of each of these structures 
for each species. However, only photographs of representative and predominant patterns 
were included in the key for the sake of convenience. 
Descriptive keys for the identification of mammalian hairs have been attempted in the 
past (e.g. Mathaik 1938, Mayer 1952, Stains 1958, Williams 1938) but were found to 
be difficult to use for the routine identification of unknown hair, mainly because hair 
structures vary considerably even along the length of the same hair and are vulnerable 
to subjective description. Similarly, direct comparison of hair structure (cross section, 
whole mount, and scale pattern) with the known reference slides are time consuming for 
routine identification. Compared to the direct comparison and descriptive dichotomous 
key, photographic reference has been found more convenient and easy to use in the 
routine identification of unknown hairs (Brunner and Coman 1974). Therefore, a 
photographic reference key with little description of hair structures was developed and 
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used during this study. Description of hairs included in the key were restricted to 
maximum diameter of the primary guard hair, and the most diagnostic features of the 
hairs for each species. The key included 14 species of wild and domestic mammals found 
in the study area (table 4.2). 
4.2.4. Identification of unknown hairs in scat samples and 
determination of prey consumed 
Scat samples were washed with tap water in a fine mesh sieve and oven-dried at a 
temperature of approximately 600  C. Each sample was further cleaned in an ether-
alcohol mixture (1:1) and dried between absorbent paper for detailed examination. 
The clean and dry hairs were examined visually or studied under the binocular 
microscope, and different types of hair present in each scat sample were separated. It 
was often possible to differentiate the major prey groups, such as small and large 
mammals, only on the basis of the texture and colour of hair after examining them 
visually or under the binocular microscope. Cross sections, whole mounts, and scale 
casts of each type of hair present in each scat sample were prepared according to the 
methods described above (section 4.2.3). The hairs were then grouped and sub-grouped 
on the basis of cross sectional appearance and arrangement of medulla, which made 
further comparisons easier. Prey species consumed were ascertained after making a 
detailed comparison of all hair structures (cross sections, medulla, and scale pattern) 
with the photographic key. 
The diet data were recorded as presence/absence of each prey item in a scat sample, and 
were analysed as frequency of occurrence (percentage of total scats in which an item was 
found). Although plant materials (twigs, leaves, and berries), earth (stones and soil), 
and snow leopard hair were encountered in the scats, they were not considered to be 
dietary items, and therefore were excluded from statistical analysis. Scats were grouped 
into those representing spring (April and May), summer (June, July, and August), 
autumn (September, October, and November), and winter (December, January, and 
February). Statistical comparison of the frequency of occurrence of prey items was 
carried out using Chi-Square test (Sokal and Rohlf, 1980). 
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4.3. Results 
4.3.1. The Hair Identification Key 
The key included a total of 14 species (9 wild and 5 domestic) of mammals known to 
occur in the study area (table 4.2). The photographic reference key developed in the 
study was used to analyse all scat samples. 
The most valuable aids in the identification of the unknown hair were cross sectional 
details, ratio of medulla to cortex, distribution of pigments, and pattern and 
arrangement of medulla. Scale patterns were often confusing as they varied considerably 
along the length of a hair and overlapped between species. However, details of cross 
sections and medulla were often sufficient to identify most of the unknown hairs and 
producing scale casts was seldom necessary. Maximum diameter of primary guard hairs 
and important diagnostic features of the hairs of the mammals included in the key are 
presented in table 4.3. The photographic reference key follows. 
we 
Table 4.2. Mammals included in the hair identification key. 
Vernacular name 	 Scientific name 
	
Photo reference 
Blue sheep Pseudoisnayaur ia- if 
Domestic goat Capra hircus 2a-2d 
Domestic sheep Ovis aries 3a-3d 
Domestic yak Bos grunniens 4a-4d 
Ox/cow Bos taurus 5a-5d 
Horse Equus cabal/us 6a-6d 
Snow leopard Panthera uncia 7 a-7f  
Red fox Vu/pes vulpes 8a-8d 
Least weasel Mustela nivalis 9a-9e  
Stone marten Martes fiona 10a-10f 
Himalayan marmot Marmota himalayana 11a-11d 
Royle's pika Ochotona roy/el 12a-12d 
Royle's vole A/tico/a roy/el 13a-13d 
Himalayan tahr Hemitragus jem/ahicus 14a-14e  
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Table 4.3. Characteristics of hairs of the mammals included in the key. 
Species 
	
Maximum diameter of 
	
Diagnostic features 
















c/s = Cross sections. 
250 Brittle hairs, 	irregular Us and wide medulla lattice. 
120 Details of Us and scalloped type of medulla. 
50 Wavy hairs and details of c/s. 
90 Details of Us and heavily pigmented cortex. 
110 Details of Us and pigmented cortex. 
140 Oval to oblong c/s, widest medulla in the proximal 
1/3 	of 	hair. 
110 Oval to circular Us and arrangement of medulla. 
100 Hair colour (which is black in proximal half and orange 
brown in distal half), details of Us and medulla. 
90 Details of c/s and arrangement of medulla. 
100 Medulla and scale patterns are similar to least weasel, 
but details of cross section differ greatly from those of 
stone marten. 
130 Details of c/s, and multiserial ladder type of medulla. 
80 Dumbbell to femur shaped cfs, and typical arrangement 
of medulla. 
70 Shape of Us similar to that of Royle's pika but 
arrangement of medulla is distinctly different. 
120 Details of Us and arrangement of medulla. 
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Plate I. 
1. Blue sheep (Pseudois nayaur) 
la. Cross section of various hairs. 
lb. Whole mount of primary guard hair at the widest region. 
lc. Whole mount of primary guard hair near base. 
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Plate II. Blue sheep (Cont.) 
le. Scale pattern in the mid-shaft region. 
if. Scale pattern towards the proximal end. 
2. Domestic goat (Capra hircus) 
Cross section of various hairs. 
Whole mount in the mid-shaft region. 
33 




\ ' 	"S 	 L 
le 
!. • 
%• W '(I 
•k L 	2b  
0 * 
if 
Plate Ill. Domestic goat (Cont.) 
Whole mount near base. 
Predominant scale pattern. 
3. Domestic sheep (Ovis aries) 
Cross section of various hairs. 
Whole mount in the mid-shaft region. 
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Plate IV. Domestic sheep (cont.) 
Predominant scale pattern of primary guard hair. 
Scale pattern of fur hair. 
4. Domestic yak (Bos grunniens) 
Cross section of various hairs. 
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Plate V. Domestic yak (cont.) 
Predominant scale pattern. 
Another scale pattern. 
5. Domestic ox (Bos taurus) 
Cross section of various hairs. 












Plate VI. Domestic ox (cont.) 
Scale pattern of the widest region. 
Another scale pattern. 
6. Horse (Equus cabal/us) 
Cross section of various hairs. 
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Plate VII. Horse (cont.) 
Whole mount near base showing fragmented medulla. 
Predominant scale pattern. 
7. Snow leopard (Panthera uncia) 
Cross section of various hairs. 
Whole mount of at the widest region. 
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Snow leopard (cont.) 
Whole mount near base. 
Whole mount near tip. 
Predominant scale pattern. 
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8. Red fox (Vulpes vulpes) 
Cross section of various hairs. 
Whole mount of medulla at widest region. 
Predominant scale pattern. 
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9. Least weasel (Mustela nivalis) 
Cross section of various hairs. 
Whole mount at the widest region. 
Whole mount near base. 
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Plate Xl. Least weasel (Cont.) 
9e. Predominant scale pattern. 
10. Stone marten (Mattes fiona) 
lOa. Cross section of various hairs. 
lOb. Whole mount at the widest region. 
mount 
10c. WholeAnear  base. 
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Plate Xli. Stone marten (cont.) 
lOd. Scale pattern near base. 
lOe. Predominant scale pattern. 
lOt. Another scale pattern. 
11. Himalayan marmot (Marmota himalayana) 
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Plate XIII. Himalayan marmot (cont.) 
ii b. Whole mount at widest region. 
11 c. Whole mount near base. 
lid. Predominant scale pattern. 
12. Royle's pika (Ochotona roylel) 
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Plate XIV. Royle's pika (cont.) 
Whole mount at the widest region. 
Scale pattern near base. 
Predominant scale pattern. 
13. Royle's vole (Alticola roylel) 
13a. Cross section of various hairs. 
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Plate XV. Royle's vole (cont.) 
Whole mount at the widest part. 
Whole mount near base. 
Predominant scale pattern. 
14. Himalayan tahr (Hemitragus Jemlahicus) 
14a. Cross section of various hairs. 
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Plate XVI. Himalayan tahr (cont.) 
Whole mount at the widest region. 
Whole mount near tip. 
Predominant scale pattern. 
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4.3.2. Diet of the snow leopard 
4.3.2.1. Overall diet 
A total of 213 scats were analysed. The prey consumed included 7 species of wild and 5 
species of domestic mammals, birds, and unidentified mammals (table 4.4). Frequency 
of occurrence (number of scats in which a food type was present) of prey items detected 
in scats are presented in table 4.4. 
Snow leopards ate all mammals found in the study area. Blue sheep was detected in 51.6 
% of scats and was the most frequently identified prey item. Himalayan marmot was 
present in 20.6 % of scats and was also a frequently eaten prey, second only to blue 
sheep. Other mammals and birds occurred less frequently in scats. Although the species 
of bird present in scats could not be identified, it was believed that they were either 
Himalayan snowcock (Tetraogiallus himalayensis), Tibetan snowcock (Telrao gal/us 
tibetanus) or chukar partridge (Alectoris chukar) as these were the only large birds 
found in the study area. Yaks were eaten more frequently (13.6 %) than the other 
livestock types. Despite the array of items eaten, only 4 prey types (blue sheep, 
marmot, pika and yak) were represented in more than 10 % of scat samples (table 4.4). 
Most of the scats (69 %) contained only one prey species and 2 and 3 prey types were 
present in 25.84 % and 5.16 % of of scats (N = 213), respectively, with an average of 
1.30 prey types per scat. Plant materials, such as grass, leaves and twigs of Betula 
ut//is, Caragana sp., Rheum emodi and Rosa sp., and berries of Caragana sp., and 
Jun/perus sp. were found in 19.3 % of scats. Although most of the occurrences of such 
materials were in small amounts, and were considered to be an incidental ingestion while 
feeding on the prey, 6 scats consisted mainly (> 50 %) of plant materials, suggesting 
that snow leopard may eat plants deliberately. Similarly, small stones and soil were 
found in 5.6 % of scats, of which two scats consisted of more than 50 % of these 
materials, suggesting that snow leopard may also eat soil occasionally. 
4.3.2.2. Seasonal trend in diet 
Blue sheep dominated snow leopard diet in all seasons. Marmot was also an important 
prey item second only to blue sheep except in winter (table 4.4). The occurrence of 
marmot in scats decreased to only 2.44 % in winter which was significantly lower than 
in spring (x2 = 10.91, 1 df, p < 0.005), summer (x2 = 8.71, 1 df, p < 0.005), and in 
autumn (x2 = 7.949, 1 df, p < 0.005). Marmots were eaten more frequently than pika 
and livestock except in winter although the latter two were available and, therefore, 
taken throughout the year (fig 4.1). 
The overall contribution of livestock (yak, ox, horse, sheep and goat) to the snow 
leopard diet was 17.8 % in terms of frequency of occurrence but it varied greatly 
seasonally. In winter, livestock occurred in snow leopard diet significantly more than in 
spring (x2 = 12.34, 1 df, p < 0.005), summer (x2 = 7.10, 1 df, p < 0.01), and in 
autumn (x2 = 10.038, 1 df, p < 0.01). Yak accounted for most of the occurrences of 
livestock in the scats, whereas ox, goat, sheep, and horse were absent from the sample 
unpredictably (table 4.4), and their frequency of occurrence was low whenever they 
were present. Similarly, red fox, stone marten, Royle's vole, and bird contributed very 
little to the diet in all seasons (table 4.4). 
OR 
Table 4.4. Frequency of occurrence of prey items in snow leopard diet. 
All seasons Spring (N=61) Summer (N=63) Autumn (N=48) Winter 
(N=213) (N=41) 
Prey species 1 2 1 2 1 2 1 2 1 2 
Blue sheep 110 51.64 35 57.38 30 47.62 24 50 21 51.22 
Marmot 44 20.66 17 27.87 15 23.81 11 22.92 1 2.44 
Royles pika 34 15.96 2 3.28 11 17.46 8 16.67 13 31.71 
Yak 29 13.62 6 9.84 7 11.11 4 8.33 12 29.27 
Royle's vole 16 7.51 2 3.28 5 7.94 6 12.5 3 7.32 
Uniden. Hair 12 5.63 6 9.84 1 1.59 3 6.25 2 4.88 
Weasel 10 4.69 4 6.56 2 3.17 2 4.17 2 4.88 
Marten 8 3.76 2 3.28 1 1.59 5 10.42 0 0 
Horse 6 2.82 1 1.64 2 3.17 1 2.08 2 4.88 
Bird 3 1.41 1 1.64 1 1.59 0 0 1 2.44 
Red fox 2 0.94 1 1.64 0 0 1 2.08 0 0 
Ox 1 0.47 0 0 1 1.59 0 0 0 0 
Goat 1 0.47 0 0 0 0 0 0 1 2.44 
Sheep 1 0.47 0 0 0 0 0 0 1 2.44 
Symbols used: 
1 = Frequency of occurrence of prey items 
2 = Percent frequency of occurrence (% of scats in which a prey item was detected). 
50 



























J 	 .. , ft r t ) ' 
, t ;, 
	
' 	 , 	, : 	'.-'•.'-..: 	 - 
r 	 I 
. 	 .7 





% iJ  U. 
A blue sheep lamb killed by snow leopard. Note that half of the rump has been eaten 
and the bite wounds on the neck and the nape. 
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4.4. Discussion 
4.4.1. The hair identification key and its limitations 
Although there is little controversy that the study of hair in faecal remains is the most 
useful aid in the identification of mammalian prey consumed by a predator, it is not free 
from problems. Brunner and Coman (1974) noted the following problems associated 
with the identification of unknown hairs in carnivore scats: 
the considerable variety of hair types encountered even on an individual 
mammal, 
variation in structure along the length of an individual hair, 
an appreciable degree of inter-species overlap in certain characteristics, 
limiting the usefulness of some structures as diagnostic aids, and 
the laborious preparations required to study some aspects of hair structure 
which are used as diagnostic aids. 
Indeed, the key presented here has certain limitations. First, it is primarily based on 
the structure of the guard hairs, so could be vulnerable to incorrect identification of the 
prey if the sample does not contain guard hairs. Second, the key does not include the 
structural details of the hairs from the extremes of an animal's body such as face and 
foot pad. And third, hair of mammals which may occur in the study area but not included 
in the key may be incorrectly identified. However, the key was conveniently used to 
analyse the scat samples and gave good results. 
4.4.2. The Diet 
Blue sheep dominated the diet of snow leopard throughout the year but small mammals 
were also an important food in all seasons. Marmot was the second most frequently 
consumed prey except in winter, when it goes into a prolonged hibernation and is not 
available (Arnold and Psenner 1990). Pika and livestock were more frequently eaten 
when marmots were unavailable in winter (fig. 4.1). 
Available information suggest that the diet of snow leopard varies greatly in different 
parts of its range. Blue sheep (Pseudo/s nayaur) was the most frequently eaten prey in 
Shey and Lapche, Nepal, Taxkorgan reserve and Shule Nanshan, China, whereas ibex 
(Capra ibex) dominated the diet in Tamur Feng, China, and Zailisky-Alatau, USSR. In 
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Chitral, Pakistan, domestic livestock and markhor (Capra falconeri) were the most 
frequently eaten prey types. Marmots (Marmota spp.) are known to form a part of snow 
leopard diet in most of its range (Schaller 1977, Schaller et al. 1987, 1988 a, 1988 b, 
Zhirjakov 1990). 
In Quinghai and Gansu provinces, China, blue sheep constituted 24-45 % of snow 
leopard diet, and marmots were as important as, and in some areas, more important than 
blue sheep despite a relatively diverse prey base (Schaller et al. 1988 a). Marmots 
were eaten less frequently in Manang (despite a smaller diversity of prey) compared to 
Quinghai and Gansu. Other prey species eaten in Quinghai and Gansu included musk deer 
(Muschus chrysogaste, Cerviis deer, hare, and Pika. Blue sheep were found in 50 and 
70 % of scats in Shey and Lapche, Nepal, respectively, whereas they were totally absent 
from the diet of snow leopard in Chitral, Pakistan, where markhor (Capra falconeri) 
was eaten more frequently (Schaller 1977). 
My data, together with previous reports (Schaller 1977, Schaller et al. 1987, 1988 a, 
1988 b, Zhirjakov 1990), suggest that snow leopards may eat prey of any size ranging 
from 45 g voles to yaks of over 300 kg. In Manang, the diversity of large ungulate prey 
is very limited, blue sheep being the only wild ungulate prey inhabiting the study area. 
The snow leopard, therefore, had little prey base to select from. However, despite a more 
diverse ungulate prey base, marmots were an important food of snow leopard even in 
Quinghai and Gansu (Schaller et al. 1988 a) suggesting that small mammals, notably 
marmot, form an important part of snow leopard diet throughout its range. 
4.4.3. Livestock as a food of snow leopard 
Domestic animals are known to form a part of the snow leopard's diet in most parts of its 
range (Schaller 1977, Schaller et al. 1987, 1988 a, 1988 b). In Manang, the highest 
occurrence of livestock remains in snow leopard scats coincided with the period of 
reduced prey diversity due to unavailability of marmot in winter (fig. 4.1). This period 
also coincided with the time when there were 4 yak herds grazing in the core study area. 
Therefore, the increased occurrence of livestock in the snow leopard diet in winter may 
be because of the increased density of livestock (mainly yaks) in their home area, or the 
unavailability of marmot, or a combination of both. 
Yak remains were found more frequently than horse, ox, sheep, or goat, probably 
because they were grazed in open pasture (all of which is potentially a snow leopard 
habitat) throughout the year. Adult oxen and adult male yaks were left in the pasture 
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unattended (except in late spring-summer when they are taken to the villages to be 
shorn and to plough fields), but according to the villagers, they are not vulnerable to 
snow leopard predation. Domestic sheep and goats were eaten more frequently elsewhere 
(Schaller 1977, Fox et al. 1988). Livestock were present in 45 % of scats in Chitral, 
Pakistan (Schaller 1977). Thus, there is very little doubt that livestock forms a part of 
snow leopard diet. However, it is not clear whether remains in the scats represent the 
livestock killed by snow leopards or a portion eaten from the animals that had died of 
other causes as they are also reported to scavenge from carcasses (Schaller 1977, 
Zhirjakov 1990). 
A recent study in Scotland has shown that lamb carrion, rather than live lambs, forms 
an important part of fox diet, and that predation by foxes was a part of, rather than in 
addition to, the normal rate of lamb loss (Hewson 1990). However, given the high 
predation incidents reported from Manang, and the highest rate of predation in winter, 
which coincides with the highest frequency of occurrence of livestock remains in scats 
(figs. 4.1 and 5.2), it is likely that most, if not all, of livestock remains found in scats 
come from the animals killed by snow leopards. 
4.4.4. Relative importance of prey items 
Newsome et al. (1983) recognised 4 categories of prey: Staples, Supplementary, 
Opportune, and Scavenged. They suggested that the most important prey items are those 
upon which a predator can rely over time, and called such prey as "staples". I suggest 
that blue sheep are the staple prey in Manang, upon which snow leopard appeared to 
depend for food throughout the year. If blue sheep were absent from a snow leopard's 
habitat but other wild sheep and goats occurred, the wild sheep and goats of size similar 
to blue sheep can be expected to be a staple prey. I suggest that marmots are 
supplementary prey, except in winter when they are unavailable. Pika or similar-sized 
prey may compensate for the absence of marmot at this time but given their small body 
size their contribution to the snow leopard diet in terms of biomass would be much 
smaller. 
Other small mammals, such as least weasel, stone marten, red fox, pika (except in 
winter), voles were eaten but were excluded from the diet unpredictably. Although 
livestock were eaten more frequently than marmot and pika in winter, it would be 
unrealistic to think that snow leopard would or could depend on them for food. However, 
the relative importance of prey items in snow leopard diet will generally depend on the 
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CHAPTER 5 
SNOW LEOPARD-HUMAN POPULATION 
INTERFACE 
5.1. Introduction 
In the Nepalese Himalayas high altitude grasslands, both within and outside protected 
areas, have long been used for grazing livestock by the local inhabitants. Occasional 
killing of livestock by wild carnivores becomes inevitable when wild predators share 
their habitat with domestic livestock, thereby bringing wildlife into direct conflict with 
human populations. Livestock predation by predators has been one of the major causes of 
conflict between wildlife and humans throughout Nepal (Mishra 1982, Mishra et al. 
1989, Upreti 1986). Predation may not only put a substantial burden on the 
subsistence village economy, but also create an extremely negative attitude towards 
wildlife, particularly predators. 
Snow leopards are reported to kill livestock throughout their range (Annenkov 1990, 
Fox etal. 1988, 1991, Mallon 1984 a, Schaller etal. 1987, 1988 a, Sherpa and Oh 
1988). However, these generalisations are either based on occasional observations or on 
anecdotal information. Such important aspects as intensity, pattern, and economic 
consequences of predation are poorly understood as no quantitative data and factual 
information are available. In addition, a knowledge of the public perception of, and 
attitude towards snow leopards, and suggestions of local people for solving the problem 
are needed if we are to develop and implement a snow leopard conservation programme 
acceptable to the local community. 
In this chapter, the public perception of, and attitude towards wildlife, particularly the 
snow leopard and blue sheep, shall be investigated; intensity and patterns of livestock 
predation and its economic consequences analysed; and local people's recommendations to 
reduce the loss shall be presented and discussed. An understanding of the local people's 
knowledge of wildlife, and awareness of wildlife protection regulations can be important 
in resolving the conflict, so these aspects are also presented and discussed. 
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5.2. Methods 
A questionnaire was designed which included questions that fell into 8 general 
categories:- 
- 	general information such as name, village, livestock holding, 
- public perception of, and attitude towards wildlife, 
- 	aspects of livestock predation such as number and type of livestock lost to snow 
leopards, and estimated economic values of lost livestock, 
- 	local people's understanding of the livestock killing behaviour of snow leopard, 
- local people's knowledge of wildlife and awareness of wildlife related laws, 
- 	local peoples recommendations to reduce the loss, 
- grazing pattern and predation 'hot-spots', and 
- 	others, such as trend of snow leopard and blue sheep populations, estimated 
number of snow leopards, and snow leopard poaching. 
The questionnaire used in the survey was developed in Nepali for ease of use. A translated 
version of the questionnaire is included in Appendix I. 
The questionnaire was addressed to a random sample of all the households of Bhraka, 
Khangsar, Manang and Tanki Manang villages (map 2.2). A list of all households in these 
villages was prepared. Each household was given an identification number which was 
written on a piece of paper. These households were then randomly selected by drawing 
these papers. Because some people were living elsewhere, appointing somebody else to 
look after their houses in the village and were not available for the interview, the list of 
randomly picked-up households was used as a priority list for the interview. If the 
representative of the first household was not available, the next on the list was 
approached and interviewed, followed by the third on the list, and so on. One of the 
senior-most member of the family was interviewed from each household. A total of 102 
households were surveyed which represented 18.5 % of total households of the surveyed 
villages (table 5.1). 
Public attitude towards wildlife was recorded on a 5-point scale (strongly like, slightly 
like, indifference, slightly dislike, strongly dislike). Some questions in the 
questionnaire contained multiple-choice answers while other questions allowed open 
answers (Appendix I). - 
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Villagers and herdsmen were requested to inform me of any incidence of suspected or 
confirmed predation as soon as possible. A few cases were reported, but carcass 
examination was possible only for one adult female yak. An attempt was made to verify 
the reported incidents by checking with the neighbours/fellow herdsmen of the 
household who had reportedly lost animal/s to snow leopard. I also heard about some 
incidents which made it possible to attempt verification of reported incidents by talking 
to the neighbours or fellow herdsmen. Also the local people who were hired to help in the 
field work and questionnaire survey were a valuable aid in verifying such cases. 
I also tried to cross-check the type and number of livestock claimed to have been lost 
(during interviews) to snow leopards during 1989-90 by 9 respondents from Manang 
and Tanki Manang. It was done during casual conversation with the neighbours of the 
respective respondents or their fellow herdsmen. All the losses claimed by 9 
respondents were verified by one or more villagers independently. This information was 
probably reliable as the cross-checked responses also included 2 respondents who had 
never lost any animal in the last 10 years. However, it was not possible to cross-check 
the claims of all respondents. 
A local assistant was hired to help in the questionnaire survey. Hiring a local person had 
2 advantages: first, the respondent could speak in his/her own mother tongue and 
therefore would have no problem expressing himself/herself; second, since he came 
from the same area, the respondent would be challenged in a friendly manner if he/she 
was suspected of giving misleading information (e.g. inflate the number of livestock lost 
to snow leopards). Most of the interviews were conducted by myself and the local 
assistant initially. Later, the local assistant conducted interviews alone after I was 
confident that he could conduct interviews properly and record the information 
accurately. 
The economic value of the lost livestock was noted as claimed by the respondents. But 
Whenever they inflated the likely value of lost animal/s, he/she was questioned about it 
and only the likely values were noted. It was possible because I was fairly aware of the 
value of all types of livestock. 
Although it cannot be claimed that the collected information is precise, because of the 
random sampling strategy and cross checks, the information provided by the respondents 
is considered to be representative of the actual trend of predation losses. 
5.3. Results 
A total of 102 households were surveyed which represented 18.57 % of all households 
(table 5.1). 
Table 5.1. Number of households surveyed. 
Village 	 No. of household 	Total 	% of total 
surveyed no. of households 	households 
Bhraka 21 161 13.04 
Khangsar 29 96 30.20 
Manang &Tanki Manang 52 292 17.80 
All combined 102 549 18.57 
5.3.1. Livestock holding 
The average number of livestock per household was 25.9 in Bhraka, 25.3 in Khangsar, 
and 27.5 in Manang and Tanki Manang, with an overall average of 26.5 (table 5.2). The 
most frequent size of livestock population per household was 11 to 20 animals in Bhraka 
and Khangsar but more households had 21 to 30 animals in Manang and Tanki Manang. 
The percentage of households with more than 50 animals was 14.28 %, 10.34 %, and 
5.76 % in Bhraka, Khangsar, and Manang and Tanki Manang respectively (fig 5.1). None 
of the surveyed households in Bhraka had any yak. The number of households with 1 or 
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Fig. 5.1. Livestock holding pattern in different villages of Manang (N = Bhraka 21, Khangsar 29, 
Manang and Tanki Manang 52). Each horizontal bar represents number of livestock per 
household. 
Table 5.2. Type and number of livestock recorded (N = Bhraka 21, Khangsar 29, 
Manang and Tanki Manang 52). 
Village Yak Cow/ox Horse Goat Sheep Total 
Bhraka 0 50 25 451 1 2 544 
Khangsar 169 145 33 361 27 735 
Manang/ 272 50 89 1035 12 1458 
Tanki Manang 
All 
combined 441 251 147 1847 51 2737 
Table 5.3. Average livestock holding pattern (per household) in Manang. 
Village Yak Cow/ox Horse Goat Sheep Total SD Range 
Bhraka 0 2.66 1.19 21.47 0.57 25.90 17.21 0-61 
Khangsar 5.82 5.00 1.13 12.44 0.93 25.34 15.38 6-68 
Manang/ 5.13 0.94 1.67 19.52 0.22 27.51 13.08 2-64 
Tanki Manang 
All 
combined 4.28 2.43 1.42 17.93 0.49 26.57 15.29 0-68 
5.3.2. Sighting of snow leopard 
The number of respondents who reported having seen a snow leopard was 5 (23.81 %) 
in Bhraka, 9 (31.03 %) in Khangsar, and 33 (62.26 %) in Manang and Tanki Manang. 
5.3.3. Livestock predation 
The percentage of the households who reported to have lost one or more domestic animals 
to snow leopards during different years varied slightly between villages (table 5.4). On 
average, 68.9 % of the surveyed household had lost one or more domestic animals to 
snow leopards over the last 10 years. 
The number and type of livestock reported to have been lost to snow leopards in different 
years is presented in table 5.5. In 1989-90, a total of 72 animals were reportedly lost 
to snow leopards. Of this, 42 (58.33 %) were goats, 13 (18.05 %) yaks, 12 (16.66 
%) horses, and 5 (6.94 %) were sheep. No cow or ox was reported to be killed in that 
year. The average number of livestock lost to snow leopards per household was 0.7. Goats 
were more frequently lost than other livestock types. Horse and yak were the next most 
frequently lost livestock but their number varied slightly between years. Of 12 horses 
killed in 1989-90, 5 (41.66 %) were young and 7 (58.35 %) were sub-adults and 
adults. Out of 13 yaks lost in the same year, 9 (69.23 %) were young the rest sub-adult 
and adult. 
The average number of animals lost to snow leopards per household was 1.33 in Bhraka, 
0.75 in Khangsar, and 0.44 in Manang and Tanki Manang in 1989-90 (table 5.5). In 
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that year, the loss of 28, 22, and 22 animals represented 5.14 %, 2.99 %, and 1.50 % 
of the total holdings for Bhraka, Khangsar, Manang and Tanki Manang, respectively, with 
an overall value of 2.63 %. 
All the reported incidents of predation took place in pasture, and attacks in the villages 
were not reported in any of the villages. The number of incidents was higher in 1989-
90 than in previous years. Most of the attacks (42 %) took place in winter (fig. 5.2). 
Table 5.4. Percentage of households reporting livestock lost to snow leopard in 1988-
1990. 
Village 	 1989-90 	 1988-89 
Bhraka (N = 21) 	 47.61 	 23.80 
Khangsar (N = 29) 48.27 44.82 
Manang/Tanki(N =52) 	21.15 	 48.38 
All combinedF (N = 102) 	34.31 	 38.23 
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Table 5.5. Type and number of livestock reported to have been lost to snow leopards in 
different years (No. of households surveyed: Bhraka = 21, Khangsar = 29, Manang and 
Tanki Manang = 52). 
Village / Livestock type 1989-90 1988-89 1985-88 1980-85 Total 
Bhraka 
Young horse 2 2 0 0 4 
Adult horse 1 0 3 2 6 
Young yak 0 0 0 0 0 
Adult yak 0 0 0 0 0 
Young ox/cow 0 0 0 0 0 
Adult ox/cow 0 0 0 0 0 
Goat 25 4 9 8 46 
Sheep 0 1 0 0 1 
Khangsar 
Young horse 1 1 1 2 5 
Adult horse 4 9 1 7 21 
Young yak 5 0 2 1 8 
Adult yak 1 6 9 2 18 
Young ox/cow 0 0 0 0 0 
Adult ox/cow 0 0 0 1 1 
Goat 6 4 1 1 12 
Sheep 4 1 2 2 9 
Manang/Tanki Manang 
Young horse 2 3 3 3 11 
Adult horse 2 1 8 7 18 
Young yak 4 3 3 3 13 
Adult yak 3 1 0 2 6 
Young ox/cow 0 0 1 1 2 
Adult ox/cow 0 1 2 1 4 
Goat 11 23 20 41 95 
Sheep 1 0 4 0 5 
All combined 
Young horse 5 6 4 5 20 
Adult horse 7 10 12 1 6 45 
Young yak 9 3 5 4 21 
Adult yak 4 7 9 4 24 
Young ox/cow 0 0 1 1 2 
Adult ox/cow 0 1 2 2 5 
Goat 42 31 30 50 153 
Sheep 5 2 6 2 15 
Total 72 60 69 84 285 
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Fig. 5.2. Seasonal trend in the predation incidents (N = 33). 
5.3.4. Economic impact of predation: 
The economic value of livestock lost to snow leopards from the surveyed households was 
estimated at Nepal Rupees (NRs) 174100 (E 2321) for the year 1989-90. The 
estimated loss was lowest in Bhraka (NR5 18500 or £246) and highest in manang 
(NRs106300 or £1417 ). The total loss in the last 10 years was estimated at NRs 
819500 (2 10926). The average loss per household was NR5 2175 (E 29) in 1989-
90, and NRs 2070 (E 27.6) in 1988-89. The cumulative average loss per household 
over the last 10 years (1980-90) was estimated at NRs 8034. (E 107) (table 5.6). In 
1989-90, the most serious loss per household involved the loss of adult horses worth 
NRs 12000-15000 each. - 
The most frequent loss, in monetary terms, was in the range of NRs 1001-5000 in 
1989-90 (48.57 %, N = 35) and 1988-89 (46.15 %, N = 39). No loss of more than 
NRs 15000 per household was reported in 1989-90, but 5.12 % of the households 
suffered a loss exceeding NRs 15000 in 1988-89 (fig. 5.3). Over 48% of the 













Table 5.6. Estimated value of livestock lost to snow leopards (in NRs). 
Year Cumulative 
Village 1989-90 1988-89 1985-88 1980-85 total 	(1980-90) 
Bhraka 18500 27100 11300 41400 98300 
Khangsar 97100 70000 132200 82700 382000 
Manang/T. 106300 114100 68800 50000 339200 
Combined 174100 212300 211200 221900 819500 
Loss! 
household 2175.49 2070.58 2081.37 1706.86 8034.31 
1989-90 	1988-89 	1980-90 
Year 
Fig. 5.3. Frequency distribution of economic loss due to livestock predation by snow leopards in 
different years (N = 1989-90: 35, 1988-89: 39, 1980-90: 81). 
A record of reported predations, independent of the questionnaire, was maintained during 
the study. The reported losses were later verified or disqualified following informal 
interviews with the neighbours and/or fellow herdsmen of the person who reported to 
have lost animals. A total loss of NRs 56200 (E 749.33) was recorded and later verified 
through interviews for the period April 1990 to February 1991 (table 5.7). The worst 
incidents included the loss of 2 adult horses of one household in Manang (killed in one 
attack) with an estimated loss of NRs 30000 (E 600), and another incident involving 
11 goats belonging to one household in Bhraka (killed in one attack) with an estimated 
loss of NRs 13200 (E 133). 
Reports of other incidents were received but could not be verified. These included the 
loss of 3 adult horses belonging to one household in Khangsar, and of an adult female and 
one sub-adult yak in Manang. 
Table 5.7. Reported (and later verified) incidents of predation (independent of 
questionnaire) between April, 1990 and February, 1991, and the estimated values. 
Date 	Village 	Type of livestock 	No. 	Estimated value 
(NRs) 
4/90 Tanki Yak calf 1 1 000 
6/90 Tanki Pregnant yak 1 6000 
8/90 Bhraka Goats 11 13200 
9/90 Manang Goats 3 3600 
9/90 Manang Goats 2 2400 
1/91 Manang Adult horse 2 30000 
Total 
	
20 	 56200 
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5.3.5. Public perception of snow leopard's livestock killing behaviour 
One hundred percent of the respondents thought that all snow leopards kill livestock. Of 
these, 39.4 % (N = 99) further added that snow leopards follow the movement of 
livestock herds and kill them as and when opportunity arises. Over 82 % (N = 99) of 
respondents thought that snow leopards are pests, 10.75 % thought that snow leopards 
kill livestock because they do not have enough natural prey (fig. 5.4). 
5.3.6. Knowledge of wildlife and awareness of laws relating to wildlife 
Forty-one percent of the respondents answered more than 70 % of the wildlife related 
questions correctly, indicating a good knowledge of the wildlife of their surroundings. 
Less than half questions were answered correctly by 22 % of the respondents (fig. 5.5). 
All the respondents were aware that hunting was prohibited. However, opinion slightly 
varied when asked who put a ban on hunting. Over half of them thought hunting was 
prohibited by Gompa (Monastery). Less than 1 % (N = 102) of the respondents thought 
that hunting was prohibited by the government (fig. 5.6). Most of the respondents 
(53.92 %) thought that the reason for putting an end to hunting was the Buddhist 















Fig. 5.4. Why do snow leopards kill livestock? A villager's perspective (N = 93). 
Symbols used: 
1 = It is a vermin, 2 = They kill livestock because they do not have enough natural prey 

















Fig. 5.5. Knowledge of wildlife as indicated by % of correct answers to the wildlife-related 






























Fig. 5.6. Who prohibited hunting? The villagers perspective (N = 102). 
Reason 
Fig. 5.7. Perceived reasons for hunting prohibition (N = 102). 
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5.3.7. Wildlife population trend 
All the respondents thought that the population of snow leopard had increased slightly, 
and that of blue sheep had seen a major increase over the last 10 years. All agreed that 
snow leopard and blue sheep populations had increased because of hunting prohibition. 
The number of snow leopards estimated by the local people around their villages is 
presented in table 5.9. Most of the respondents seemed to believe that the number of 
snow leopards in the surrounding area of each village was 3 to 5. 
Table 5.8. Number of snow leopards in Manang: local people's estimation (% of 
respondents). 
Village 	 Estimated number 
2-3 	3-4 	4-5 	5 - 6 	6-7 	7-8 	8 - 9 
Bhraka 	(N=21) 28.57 23.81 28.57 4.76 9.52 4.76 0 
Khangsar (N=29) 3.45 34.48 41.38 13.79 6.90 0.00 0 
Manang/Tanki (N=52) 0 34.00 42.00 8.00 10.00 4.00 2.0 
5.3.8. Blue sheep trophy hunting 
Most of the respondents expressed the view that hunting should not be allowed. However, 
opinion was divided as to what should be the priority. Over 46 % (N = 99) were 
strongly against blue sheep hunting, for religious reasons, and thought that hunting must 
not be allowed under any circumstances. The remaining 53.53 % (N = 99) believed that 
hunting may be allowed, but they also had a divided opinion as to what should be the 
priority. Of those who were prepared to consider hunting, 30.19 % (N = 53) thought 
that they would be in favour of managed trophy hunting if the revenue from such an 
operation is channelled back to the villages to be used in the local development projects. 
They thought that if this does not happen, hunting must not be allowed. The remaining 
69.81 % (N = 53) expressed the view that hunting should not be allowed, but if it has to 
be allowed, the revenue should be channelled back to the village funds. 
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5.3.9. Public attitude towards wildlife 
Sixty-three percent of the respondents strongly disliked snow leopards, 32 % slightly 
disliked them, 4 % showed an indifferent attitude, and 1 % strongly liked them (N = 
100, data from all villages). The percentage of the respondents who strongly disliked 
snow leopards varied from 52.38 % in Bhraka to 86.21 % in Khangsar (fig 5.8). 
People living in a village off the main trekking trail (i.e. Khangsar village) had a 
significantly more negative attitude towards snow leopards than those living in the 
villages along the main trekking trail (I. e. Bhraka, Manang and Tanki Manang) ( X2- 
7.28, 2 df, p < 0.05). The only respondent who strongly liked snow leopards was a lodge 
owner of Manang. 
In contrast to the strongly negative attitude towards snow leopards, the public attitude 
towards blue sheep was generally positive. Eighty-one percent of the respondents 
strongly liked blue sheep, 15 % slightly liked, 3 % had an indifferent attitude, and the 
remaining 1 % slightly disliked them (data from all villages combined, N =100). 
Percentage of the respondents who strongly liked the blue sheep ranged from 71.43 % in 
Bhraka to 93.10 % in Khangsar. 
72 














Snow leopard 	Blue sheep 	General wildi. 
Wildlife 
Fig. 5.8. Public attitude towards snow leopard, blue sheep and wildlife in general 
(N = snow leopard: 100, blue sheep: 100, wildlife in general: 92). 
Most of the people either slightly disliked (33.70 %), showed an indifferent attitude 
(39.13 %), or slightly liked (29.35 %) the wildlife in general (N = 92). Over 47 % of 
the respondents in Bhraka slightly disliked the wildlife in general, 73.9 % in Khangsar 
showed an indifferent attitude, but 37.50 % in Manang and Tanki Manang slightly liked 
them (fig. 5.8). 
There was a general agreement between most of the respondents about why they liked or 
disliked snow leopard, blue sheep, or general wildlife: 
They disliked snow leopards because they killed their valued livestock, 
Those who showed an indifferent attitude towards snow leopards or liked them, 
did so because they thought they were beautiful, but their negative attitude was 
aroused due mainly to leopard's livestock killing behaviour. 
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Most of the respondents strongly or slightly liked blue sheep because it was good-
looking and harmless. 
Local peoples' indifference or slightly negative attitude towards wildlife in 
general appeared to be highly influenced by the inclusion of snow leopards in this 
category. They probably would have a positive attitude towards wildlife if the 
snow leopard was not included. 
5.3.10. Crop damage by blue sheep 
None of the respondents complained about crop damage by blue sheep. 
5.3.11. Reducing the loss 
All the respondents thought that it was necessary to reduce the damage caused by snow 
leopard. They were then asked what, in their opinion, was the best method to reduce the 
loss. More than half of them suggested that snow leopards must be eradicated if the loss 
was to be reduced. Other possible management options (e.g. removal of problem snow 
leopards, avoiding the use of predation hot-spots, better guarding of herds, Appendix I) 
were not regarded as suitable ways of reducing loss (fig. 5.9). 
Of the forty-nine (48 %, N = 102) respondents who considered compensation as a way 
of reducing loss, 73.47 % (N = 49) ranked eradication first and compensation second, 
suggesting that they would accept compensation only if eradication was not possible. 
20.41 % (N = 49) ranked compensation first and eradication second, meaning that snow 
leopards should be eradicated if the losses are not properly compensated. Only 2.94 % 
thought that compensation was the best way of reducing loss (fig. 5.9). 
5.3.12. Snow leopard poaching 
Only 3 respondents from Manang provided any information on snow leopard poaching. 
Two of them independently gave the same information, involving death of 3 leopards 
over the last 15 years, whereas, another respondent reported only one case of leopard 


















Fig. 5.9. Suggested methods of reducing loss. 
Symbols used: 
1 = eradication of snow leopard, 2 = compensation for the lost livestock, 3 = compensation 
ranked first, eradication second, 4 = eradication ranked first, compensation second (N = 102). 
Table 5.9. Reported cases of snow leopard poaching 
Year 	Place 	Number 	Method of killing 
1975 	Kuntong 	1 
1975 	Chyaka 	1 
1980 	Bojodong 	1 
1986 	Khangsar 	1 
Shot dead in a livestock kill. 
Axed to death while guarding a livestock kill. 
Shot dead. 
Trapped in a leg hold trap set by a horse 
killed by snow leopard, and later beaten to 
death. 
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Casual conversation with some villagers revealed yet another case when a snow leopard 
was beaten to death when it was found asleep by an adult horse kill (probably in 1987-
88). It was also revealed that 2 snow leopard cubs were removed from a den (date not 
known) by a herder but both of them died soon afterwards. 
5.3.13. Grazing pattern and predation "hot-spots" 
A rotational grazing pattern was practised in all the surveyed villages. There was a 
general rule that governed the practice: animals were not kept in the villages or near 
any farm between the sowing (May-June) and harvesting (September-October) seasons. 
If any animal was found around the villages or near a farm, the owner would be fined an 
amount of up to NRs 5 per animal per day. In addition the villagers would decide which of 
the pastures should be grazed in the winter, and grazing in that pasture in other seasons 
was prohibited. Apart from this, there were no other restrictions on the grazing 
practices. The pattern of herd movement varied greatly as it depended on the decision of 
individual herders. 
The ownership of pastures was communal, that is, all the pastures were owned by 
villages. Animals from a village would not be allowed to graze in a pasture belonging to 
another village. Only one exception to this general rule was that Manang and Tanki 
Manang villagers could graze their animals in the pastures owned by Khangsar village by 
paying a small royalty to Khangsar. 
The villagers of all the villages thought that there were some places within their pasture 
where more animals were killed than in other areas, the predation "hot-spots". The 
predation "hot-spots" are shown in map 5.1. 
5.4. Discussion 
5.4.1. Reliability of the reports on predation 
It is difficult to judge how reliable the reports on livestock predation are as it has been 
shown that farmers tend to attribute most of the losses to predators or inflate the 
number of livestock lost due to predation (Fritts 1982). They may even manufacture 
false cases to show that the damage caused by predators is very serious even if it is not. 
In this study, every effort was made to minimise misleading information by verification 
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of the reported incidents during the field study through third party confirmation, and 
cross checking of some of the questionnaire reports (see 5.2). 
Livestock remains were found in up to 39 % of snow leopard scats, which also suggests 
that snow leopards kill livestock (see Chapter 4); but I have no evidence as to whether 
the livestock remains came from an animal killed and eaten by snow leopards or from 
scavenged carrion (Schaller 1977, Zhirjakov 1990). However, given the small size of 
livestock holdings, and the importance of the animals to the local people, it is natural 
that the owners immediately discover if any animal in their stock is missing. They 
devote a considerable amount of time and effort in search of a lost animal or its carcass 
as the meat of dead animals, except that of horses, is eaten. Retrieving a horse carcass 
may also be important as the hide can be used for domestic purposes. Therefore, the 
possibility of a villager finding the carcass before a snow leopard or any other predator 
can consume it, is quite high. It is possible that most, if not all, of the livestock remains 
found in scats (Chapter 4) came from livestock killed by snow leopard rather than from 
animals that died for other reasons and were later scavenged by leopards. This argument 
is further supported by the fact that more predation incidents were reported to have 
taken place in winter than in any other season (fig. 5.2) which corresponds with the 
highest occurrence of livestock remains in scats (fig. 4.1). 
Livestock may die of a variety of causes such as genetic birth defect, inadequate mother's 
milk, diseases, parasites, unfavourable weather conditions, poisonous plants, and 
predators. Separating predator losses from other causes is often difficult and losses due 
to other causes are also often claimed to be predator losses by ranchers (Cain et aL 
1972). Also the possibility that some of the respondents gave wrong information, 
inflated the number of livestock lost, incorrectly attributed the loss to snow leopards, or 
even manufactured false cases cannot be ruled out. However, given the above mentioned 
facts, and the efforts made to minimise misleading information (see 5.2), the data 
provided by the respondents is considered to be representative of the actual trend of 
predation losses. However, the magnitude of livestock losses should be viewed with some 
reservation as it was based entirely on interviews and the respondent's judgement on the 
determination of the cause of death. 
5.4.2. The pattern of predation 
Results of the survey suggest that predation is a regular phenomenon in Manang rather 
than a sporadic occurrence. The reported loss was up to 5.14 % of total stock in 1989- 
90. The number of animals reportedly lost to snow leopards in 1989-90 was higher 
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than those in previous years. More predation incidents took place in winter than in any 
other season. 
Jackson (1990) classified predation losses into 3 basic categories: infrequent and rare 
incidents of a "killing rampage", where the predators may kill a large number of 
animals in a single attack; isolated predation, involving single animals without repeated 
occurrences; and repeated losses, which occur with consistency in or near predation 
"hot-spots". In Manang, the loss of 11 goats in a single attack was the only reported 
"killing rampage". Similar "killing rampages" have been reported from Ladakh, India, 
where up to 34 sheep and goats were killed in a single attack (Mallon 1984 a). 
Otherwise, most of the reported losses were consistent, repeated incidents, but not 
necessarily restricted to the "hot-spots". Unlike in Ladakh (Mallon 1984 a), no 
incidents of snow leopards attacking livestock in the villages were reported, and all the 
incidents took place in pastures in Manang. 
5.4.3. Economic impact of predation 
Agriculture and animal husbandry are the two major economic activities in most of the 
villages in Manang. Crop production is limited due to the harsh climate and a limited 
growing season. Agricultural production is inadequate to feed the local population even 
for 6 months. Animal productivity is also low because only the native breeds are tough 
enough to survive the harsh winter conditions and the forage shortage, but are not 
productive. Trekking tourism has provided an additional economic opportunity but only a 
few, often rich, people are benefiting from it. The per capita income of Nepal is 
estimated at US$ 160 (MPFS 1988), but it may be even less if it is calculated only for 
the mountainous region of the country. 
Under these economic realities, the average per household loss due to predation for 
1989-90 (NRs 2175 or £ 29) and 1988-89 (NRs 2081 or £ 28) represent 1/3 of a 
per capita income. The average loss due to predation over the last 10 years is about one 
per capita income, an amount equivalent to one man-year's earning. The impact of 
predation on the domestic economy may vary depending upon the economic status and 
income level of an individual household; nevertheless, this is a significant amount for 
any household in the surveyed villages. The loss of 2 adult horses represented nearly 5 
times the per capita income, and is indeed a very significant loss. The person whose 11 
goats were killed by snow leopard in a single killing rampage was a shepherd who was 
making his living out of 53 goats. The loss was over 20 % of his holding, and the 
economic value of the lost goats is serious enough to upset his household economy for 
several years to come. 
The carcasses of the animals killed by snow leopard are often retrieved and eaten or 
sometimes also sold by the owner. However, the meat is worth much less than the live 
animal/s. The incidents of predation involving adult horses may be even more serious as 
the economic value of an adult horse is high, and the meat, even if retrieved, is not eaten. 
The loss of up to 5.14 % of total stock holding is considerably higher than 1.4 % of the 
lamb crop lost to canine predators in Iowa, USA (Boggess etal. 1978) or 0.6-1.8 % of 
the lamb crop lost to foxes in Scotland (Hewson 1990). Given the state of the economy, 
the economic impact of livestock lost to snow leopard in Manang can be considered very 
severe. Similar heavy losses have been noted from Nar and Phu valleys, SE of the study 
area (Sherpa and Oil 1988) but no quantitative data were available for comparison. 
Schaller et al. (1987) noted that the loss of even a few goats may represent a significant 
impact on the economy of a family trying to make a living out of 50 animals in Taxkorgan 
Reserve, China. The loss of 1 female yak and 95 sheep and goats in the central Indus 
valley, India (Mallon 1984 a) and the loss of 65 livestock in an area adjacent to central 
Ladakh (Fox etal. 1991) may have had a similar impact on the owners. 
Not all households suffer the loss every year. Over 30 % of the surveyed households had 
not lost any animal to snow leopard in the last 10 years. However, those who do suffer, 
may have to bear a significant loss. 
5.4.4. Factors affecting predation losses 
Livestock predation by wild predators is a complex phenomenon which is not fully 
understood even in some of the most extensively studied ecosystems (Jackson 1990). A 
number of factors may independently or jointly affect intensity and pattern of predation 
losses. 
The following relationship between predation losses and the possible factors involved 
therein are drawn from the facts revealed by the questionnaire survey, informal 
discussion with the local people, and casual observation: 
1. 	It is clear from Chapter 6 that the population of blue sheep, which is the 
principal prey of snow leopards (Chapter 4)is adequate to support the estimated 
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snow leopard population. Therefore, it is unlikely that the heavy livestock 
predation by snow leopard in Manang is due to prey scarcity. 
The estimated population of snow leopard (i.e. 5 to 7 adult cats / 100 km 2) 
cannot be considered very high in a habitat where the ungulate prey are abundant. 
The high predation in Manang, therefore, is probably not due to an abundant snow 
leopard population. 
The predation "hot-spots" may be associated with the snow leopard's travel 
corridors, and other habitat characteristics including suitable hunting cover, 
but more evidence is needed. 
All the livestock were killed out in pastures and not in a house or a village. 
Therefore, there is good reason to believe that stall-fed animals are far less 
likely to be killed by snow leopards. 
An appraisal of the animal husbandry practices revealed that livestock herds are 
not often tended or guarded closely during the day while grazing. It is believed 
that the number of predation incidents that takes place in the pasture may be 
substantially reduced by closely guarding the herds, if at all practicable. 
In most of the pastures, animals were not kept in predator-proof enclosures. 
It is possible that the number of animals killed by snow leopards at night could be 
reduced if the animals were corralled in predator-proof enclosures. 
Pasture conditions and animal health may have some effect on the pattern and 
intensity of predation, but they were not thought to have a major effect on the 
predation losses. However, more evidence on this aspect is needed. 
The statement 5 is made on the basis of an observation of the method used to graze a horse 
herd. In the summer of 1990, there was a herd of about 40 horses near the study camp. 
They were closely guarded by a boy throughout the day. No horses were killed in a period 
of about 3 months when the herd was there. During the same period, 2 horses were 
killed by snow leopard in one attack near Manang village. The horses were kept in the 
village and were left out to graze unguarded in the day when they were killed. It is, 
therefore, concluded that although other factors may have had some impact on the 
intensity and pattern of predation losses, animal husbandry practices (in particular, 
herding, tending, corralling, and grazing practices) seem to have been the dominant 
factors in Manang. 
5.4.5. Snow leopard poaching 
Mallon (1984) reported that at least 5 snow leopards were killed in one year (1983-
84) in Ladakh, India. Five to ten snow leopards were believed to be killed in Ladakh 
between 1983-88 (Fox et al. 1991). Osborne et al. (1983) reported that 5 snow 
leopards fell victim of local people's retaliatory killing in Suru valley of southern 
Ladakh during the years 1978-82. In Manang, only 4 cases of retaliatory killing of 
snow leopard were reported, however, the actual number of leopards killed may be much 
higher than this, as most villagers declined to give any information on this aspect, and 
even those who gave any information, did so very reluctantly. 
Conversation with the villagers revealed that snow leopards suck the blood of their 
victims before eating the flesh. They often get "blood-drunk", especially when they kill a 
large animal such as an adult horse or a yak. When they are blood drunk, they cannot 
even walk properly and can be easily killed with an axe, stick, stones or other simple 
weapons. 3 of 4 snow leopards were killed when they were blood drunk. Killing snow 
leopards in this state may a common practice throughout its range as it has also been 
reported from Ladakh, India (Mallon 1984 a). 
In Manang, killing snow leopards is prestigious, probably because of the difficulties 
involved or the increasing rarity of leopards. Anyone who kills a snow leopard is 
honoured with a reward of up to NRs 6000 by every village in the surrounding area. 
This practice seems to be decreased in recent years probably due to an increasing 
awareness that killing snow leopards is illegal. Unlike in western Nepal, where snow 
leopards are hunted using poisoned spears (Jackson 1979), snow leopard poaching in 
Manang is retaliatory killing in defense of livestock. 
5.4.6. Reducing the loss 
Results of the questionnaire survey show that over 97 % of the local people think that 
snow leopards should be eradicated from Manang, and more than half of them ruled out 
any other management options. As discussed earlier, the loss of 2 adult horses is 
equivalent to 5 man-years' earning. Therefore, it is quite understandable that the local 
people want to see no snow leopards in their surroundings: no snow leopards means no 
fear of losing animals due to predation as there are no other large predators. However, 
M. 
there are some people who consider at least one other option for reducing the loss - 
compensation for the lost livestock, which is discussed in detail in Chapter 7. 
Even if the estimated number of livestock lost to snow leopards is inflated by owners, the 
fact that the predation may have a significant impact on the subsistence mountain 
economy is undeniable. Even more important from the conservation point of view is that 
predation has generated a strongly negative attitude towards snow leopard and this 
feeling is rooted deep in the society. Furthermore, those who grew up in a society where 
everybody cursed snow leopards for killing their animals, is likely to have a strong 
dislike for snow leopards even if they have never lost any animal themselves. Therefore, 
local people's strongly negative attitude towards snow leopard is understandable. 
Many people seem to have accepted predation as an inevitable event as it has always 
happened. But it may also be true that retaliatory killing of snow leopards dates back to 
the beginning of the problem itself, and it has continued as an attempt to reduce the loss 
ever since. No attempts to minimise the loss may mean no attempts to reduce the 
retaliatory killing, and no efforts to resolve the conflict. Therefore, attempts to 
minimise predation is necessary not only to minimize the economic loss, but also to 
change an extremely negative public attitude, and to protect the remaining snow leopard 
population in that area. 
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Snowleopard's predation on domestic livestock may place a substanlaL economic 
on their animals for their livelihood. 
burden on the local economy, particularly the economy of poor farmers who depend 
6.5. Summary 
A total of 102 households of Bhraka, Khangsar, Manang, and Tanki Manang 
villages were surveyed to collect data on the intensity, pattern, and economic 
consequences of livestock predation by snow leopards, and other matters of 
relevance to snow leopard conservation. 
The average size of stockholding in Manang was 26 animals per household, of 
which 67.48 % were goats. 
68.9 % of the surveyed households reported having lost one or more domestic 
animals to snow leopards over the last 10 years. In 1989-90, the reported loss 
of 72 animals represented 2.6 % of the total holding. 
The monetary value of lost animals in 1989-90 was estimated at NRs 174000 
(E 2321) and the average loss per household at NRs 2175 (E 29), which was 
considered to be a substantial amount, given the state of local economy. 
Over 77 % of the respondents thought that snow leopards are vermin, and all of 
them believed that all snow leopards kill livestock. 
63 % of respondents strongly disliked snow leopards, whereas 81 % of them 
strongly liked blue sheep. Their strongly negative attitude towards snow leopards 
was due to leopards' livestock killing behaviour. 
All the interviewed villagers thought it necessary to do something to reduce the 
predation loss. Over 97 % of them suggested that snow leopard should be 
eradicated. However 48 % of them also considered compensation as a way of 
reducing loss. All other possible management options were ruled out by the local 
people. 
Four snow leopards were reported to have been killed in retaliation to the 
predation, however, it was thought that the actual number of snow leopards killed 
in revenge was higher than this. 
Most of the local people were against the managed trophy hunting of blue sheep in 
Manang for religious reasons. 
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10. 	It is concluded that attempts to reduce predation are necessary not only to reduce 
the economic impact, but also to minimise the retaliatory killing of snow 
leopards, and to diffuse the conflicting situation between the local people and 
snow leopard conservation aims. 
CHAPTER 6 
STUDY OF PREY POPULATION: ASPECTS OF THE 
ECOLOGY OF THE BLUE SHEEP 
6.1. Introduction 
Blue sheep are the most important prey of the snow leopard in Manang (Chapter 4). In 
this chapter, I shall describe some aspects of the population ecology, and pattern of 
habitat use of blue sheep. 
6.2. Methods 
6.2.1. General survey methods 
The blue sheep were censused in 3 different seasons: spring, autumn, and winter. The 
spring census was conducted from 13 April to 9 May, 1990, the autumn census from 
10 September to 25 September, 1990, and the winter census was conducted from 2 
January, 1991 to 29 February, 1991. Of the 3 surveys, the spring census was 
conducted systematically covering the entire study area; whereas, the autumn and winter 
censuses were nonsystematic, because in autumn bad weather during the census 
curtailed the systematic survey, and in winter, some parts of study area were cut-off by 
snow. Only the spring data were used for estimating blue sheep density. Data from all 3 
censuses were used in calculating other population characteristics such as herd size and 
composition, and habitat use pattern. 
All surveys were conducted on foot. Opposite mountain slopes were scanned with 10 x 50 
binoculars. Once located, detailed observations of blue sheep herds were made with a 
variable magnification (15-60 x) spotting-scope mounted on a tripod. For each 
observation, the herd size, sex and age composition, and the following habitat 
parameters: habitat type, landform type, altitude, slope, and aspect were noted. Habitat 
type, Iandform type, and slope were determined through observation whereas altitude 
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Blue sheep (Pseudois nayaui) were studied by direct observation. 
Most of the sheep habitats on an even slope could be surveyed from the opposite slope, 
whereas, in the case of slopes with bowls and valleys at different elevations, it was often 
necessary to walk up to these valleys after completing the survey of lower elevations. 
Where a complete survey of a slope was not possible in one day, I surveyed the rest of 
the slope the following day, or as soon as the weather permitted. 
In an attempt to minimise repeated counts, distinguishing features (e.g. broken horn 
tips), of one or more individuals in a herd were noted whenever possible. Herd 
composition was also sometimes useful especially when counting the sheep in two 
adjacent areas of the same slope. Although maximum care was taken to minimise the 
error of duplicate counts the possibility of missing some sheep or counting them more 
than once can not be ruled out. 
6.2.2. Population size and density 
Due to the fact that not all slopes could be censused during a single day, and the resulting 
problem of possible overcounting of the sheep, two estimates of population have been 
employed. The maximum number of sheep was taken as the sum of sheep counted during 
all the census trips (both single and multiple day counts). The minimum number of 
sheep was calculated similarly except that only maximum number of sheep counted on 
one day was used for multiple day counts and that other suspected double counts were 
excluded from calculation. 
Density was estimated at two levels: crude density, or density of sheep in the whole study 
area; and ecological density, or density of sheep in potential blue sheep habitat only. To 
estimate crude density, the area of the study site was calculated from a Survey of India 
Map (Scale 1:50000) using a planimeter, and the maximum and minimum number of 
sheep (as calculated above) was converted to density per unit area. Density values are 
presented as a range from minimum (estimated minimum number of sheep divided by 
the area) to a maximum (estimated maximum number of sheep divided by the area) 
number of sheep per square kilometre. To estimate ecological density, it was assumed, 
based on previous studies (Wegge 1976, Wilson 1981, Sherpa and Oli 1988, this 
study), that blue sheep seldom inhabit rocky areas above approximately 5000 m, and 
habitat with permanent snow. A map of the study area was prepared from the 4 sheets of 
the Land Use Map (LRMP 1984). The area occupied by rocky habitat above 
approximately 5000 m, and with permanent snow was calculated from the habitat map, 
and was subtracted from the total area of the study site. The remaining area was 
considered to be potential blue sheep habitat, and maximum and minimum ecological 
densities were calculated according to the method described above. The results are 
presented as minimum to maximum number of sheep per square kilometre of potential 
sheep habitat. 
6.2.3. Sex and age criteria 
When possible, the sheep were classified by sex and age classes. Sex and age criteria 
developed by Wegge (1976, 1979) were used, and were as follows: 
Trophy age ram: 	Fully grown males, estimated horn length more than 45 cm, horns 
distinctly curved backwards and slightly outwards. This age 
class 	included rams of 7 years of age or older. 
Medium ram: Rams smaller in size than the trophy age rams. Estimated 
horn length 30-35 cm. Horns slightly curved backwards, but 
not outwards. This age class presumably 	includes rams of 4, 5, 
and 6 years of age. 
Young ram: Smaller males, horn length between 15 to 30 cm. This age class 
presumably includes rams of 2-3 years. 
Yearling males: Small males of 1 and 2 years of age, similar to adult females in 
size, horns smaller than 15 cm. Distinguished from adult females 
on the basis of thickness of the horns at base, and behaviour. 
Adult female: Females of two years of age or older. 
Yearling females: One and two year old females. Distinguished from adult females on 
the basis of body size and behaviour, and from yearling males on 
the basis of horns. 
Lambs: Individuals of less than 1 year of age. 
Data on herd composition were used only when all members of a herd were classified. 
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Horns were used as an age criterion. The above photograph shows the skull of a (a) 
medium ram (b) yearling ram (c) trophy ram. 
A young blue sheep ram. 
6.2.4. Recruitment and mortality 
It was not possible to find out how many adult ewes gave birth since the first blue sheep 
census after the lambing was started only in September. Therefore, as in previous 
studies (Schaller 1977, Wegge 1976) it was assumed that 90 % of the ewes of 2 years 
of age or older gave birth, and the number of lambs per 100 adult ewes (> 2 years of 
age) was used to express lamb recruitment. 
It was also assumed that twinning did not occur (Schaller 1977). The survival of the 
lambs is dependant on the survival of their mothers. Thus, no change in the Iamb/ewe 
ratio can be expected because if the mothers die, the lambs will die as well. Therefore, 
when calculating lamb mortality, it was assumed that there was no change in the 
lamb/ewe ratio due to ewe mortality. 
As the first blue sheep survey following the lambing season (May-June) was conducted 
in September, approximately 4 months after lambing, the difference between the 
assumed lamb recruitment of 90 % and the lamb/ewe ratio in autumn was used to 
calculate the lamb mortality between birth and autumn. Similarly, the difference 
between lamb/ewe ratio in autumn, winter, and spring was used to calculate the Iamb 
mortality between autumn and winter, autumn and spring, and winter and spring, 
respectively. 
Skulls of 40 blue sheep rams were collected whenever found (22 from Manang study 
area and 18 from Nar valley, north-east of Manang) and were examined to determine age 
at death. The horn data from Nar valley were also used for analysis because the Nar 
valley is geographically similar to the Manang study area, and habitat conditions and 
human activities are also similar between these two areas with the exception that there 
is light poaching in Nar (Sherpa and Oli 1988). Age was determined by counting annual 
growth rings on the horns as this method of age determination has been validated for 
other species of Caprids (Mountain sheep: Geist 1966; Himalayan tahr: Caughly 1965; 
Chamois: Schroder and Von Elsner-Schack 1985). The method described by Geist 
(1966) for mountain sheep was used, as the horn of blue sheep is structurally similar. 
A life table was constructed from the horn data. The number of total skulls collected was 
used as the number of the cohort alive at the age of 2 years, and the number of skulls 
found in each subsequent year of age was subtracted from the cohort of the previous year 
[SAS] 
to calculate the number of each cohort alive at each year of age (Geist 1971). It was then 
converted into a cohort of 1000 l, and the other columns of life table were constructed 
according to Krebs (1972). Mean age at death, and maximum and minimum life 
expectancies for blue sheep rams were calculated as follows (Geist 1971): 
Mean age at death 	= 	mean of age at death of all skulls collected, 
Minimum life expectancy = Mean age at death - 2 x standard deviation. 
Maximum life expectancy = 	Mean age at death + 2 x standard deviation. 
Life expectancy at birth (e 0 ) and population mortality rate (q) are a function of the 
number of lambs (< 1 year of age) in a sample of population (n) in a stationary 
population (Caughly 1967). It was assumed that the Manang blue sheep population 
approximates to a stationary state, and life expectancy at birth, and population mortality 
rate were calculated using the following method of Caughly (1967): 
e0 	= 2n-j/2j, and 
q 	= j/n, 
where 
e0 	= life expectancy at birth, 
q 	= population mortality rate, 
n = total number of blue sheep in the population, and 
= number of juveniles (less than 1 year of age) in the sample n. 
Blue sheep carcasses were searched for throughout the study area. Whenever found, the 
dead sheep were examined to investigate the cause of death. 
6.2.5. Herd Types: 
If blue sheep were aggregated in an area, and were more or less coordinated in their 
movements, they were considered to belong to one herd (Schaller 1977). Herd type was 
noted for all observed herds even when sex and age classification was not possible. The 
following herd types were recognised, based on Schaller (1977): 
Male herds: 	Herds consisting exclusively of 2 year old or older males. 
Mixed herds: Herds consisting of adults and young of both sexes. 
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Mother-young herds: Herds consisting of females of 2 years of age or older, and 
young less than 2 years of age. 
Male-female herds: 
	
	Herds consisting only of males and females of 2 years 
or older. 
Solitary: 	 Solitary animal of any sex. 
6.2.6. Habitat classification and habitat use pattern of blue sheep 
Three major habitat types were recognised, which were as follows: 
Grassland: 	Smooth to moderately steep slopes with 20 % or more grass cover 
and little rock coverage. 
Scrubland: 	Slopes of varied steepness with 20 % or more shrub cover, and 
less than 20 % grass cover. 
Barren: 	Slopes of any steepness with vegetation cover less than 20 %. 
It was observed that within one habitat type, topographic features varied considerably. 
To describe the distribution of blue sheep herds according to different landforms, the 
landform of the study area was divided into 5 types based on the degree of rock coverage 
and steepness. The landform criteria were as follows: 
Smooth undulating slopes: Slopes of gradient < 45 degrees and rock coverage 
<25 %. 
Moderately broken slopes: Slopes of 25-45 degrees with less than 50 % rock 
coverage. 
Distinctly broken slopes: Slopes of gradient > 25 with 50 % or more rock 
coverage. 
Scree/landslide: 	Slopes with landslides and rockfalls, gradient generally 
> 45 degrees. 
Cliff: 	 Steep rock-face or cliff, steepness > 45, degrees, and 
rock coverage > 70 %. 
Habitat type, landform type, altitude, slope, and aspect were noted for each blue sheep 
herd observed. When a herd was observed in two adjacent habitats, the assigned habitat 
in these cases was where the majority of the sheep were seen. Frequency distribution of 
sheep herds in different habitat parameters were used to determine the habitat use 
pattern of blue sheep and this was examined within and between seasons. 
6.3. Results 
6.3.1. Population size and density: 
A population size of 697 to 1071 blue sheep in an area of 105 km 2 gave a crude density 
of 6.63 to 10.2 sheep/km 2 . The same number of sheep in 41.5 km 2 of potential blue 
sheep habitat gave an ecological density of 16.8 to 25.8 sheep/km 2 . The total standing 
crop biomass of Manang blue sheep was estimated at 31763 kg, or 302 kg/km 2 (table 
6.1). 














Tr. Male 56.78* 14.0 63 124 7040.7 
M. Male 50.75* 9.4 42 83 4212.2 
Y. Male 40.00** 10.0 45 89 3560.0 
Ad. Female 40.00* 35.7 160 316 12640.0 
Yearling 25.00* 12.0 54 106 2650.0 
Lamb 10.00 18.8 84 166 1660.0 




= 	Weighted number of the sheep of different sex and age classes in spring census 
corrected with the population composition in spring. 
= 	Calculated from table 1 of Wegge (1976). 
* * 	
= 	Estimated weight. 
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6.3.2. Social organisation 
A total of 2751 sheep were sighted belonging to 176 herds. This gave a mean herd size of 
15.6 sheep and a median herd size of 8 sheep/herd (data pooled from 3 censuses). Herd 
size varied from 1 to 89 sheep. Fifty-four percent of the total number of herds observed 
consisted of 10 or less sheep and only 11 % of the observed herds consisted of 40 or 
more sheep (table 6.3). Solitary individuals were observed once in autumn, and 4 times 
in winter, and no solitary sheep were seen in spring. The mean herd size ranged from 
10.9 sheep/herd in winter to 23.6 sheep/herd in autumn (table 6.2). Due to a skewed 
distribution, there was considerable difference between the mean and median herd size. 
Group size was variable, but in general, smaller herds were more numerous in winter 
than in other seasons, and conversely, there were more larger herds in autumn than in 
the other two seasons. Herd size in winter was significantly smaller than in spring 
(Mann-Whitney U test, cx = 0.0027), and autumn (Mann-Whitney U test, cx = 0.0007). 
No significant difference was detected between the herd size in spring and autumn. 
Sixty percent of herds were mixed herds followed by mother-young herds (26.7 %) 
(datafrom 3 censuses), and this trend was consistent through all seasons (fig 6.1). 
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Table 6.2. Mean herd size of blue sheep in different seasons. 
Survey No. sheep No. herds Range(Minimum- 
Period observed observed Mean SD EE maximum) 
Spring 1071 66 16.2 15.7 1.9 21079 
Autumn 897 38 23.6 23.6 3.8 1 to 89 
Winter 783 72 10.9 13.0 1.5 1 t 71 
All combined 2751 176 15.6 17.4 1.3 1 t 89 




Herd size class 










17 11 6 5 2 2 4 6 	66 
(25.7) (16.7) (9.1) (7.6) (3.0) (3.0) (6.0) (9.1) 
12 4 5 2 1 1 1 9 	38 
(31.5) (10.5) (13.1) (5.4) (2.6) (2.6) (2.6) (23.6) 
22 6 4 4 3 0 0 5 	72 
(30.6) (8.3) (5.6) (5.6) (4.1) (0) (0) (6.9) 
51 21 15 11 6 3 5 20 	176 
(29) (11.9) (8.5) (6.3) (3.4) (1.7) (2.8) (11.3) 
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6.3.3. Population composition: 
The adult sex ratio was male-biased in autumn, but biased towards females in spring and 
winter. Seasonal variation in adult sex ratio was statistically significant ( 3 seasons, 
= 6.44, 2 df, p < 0.05). Adult sex ratio in autumn was different than in winter (z 2 = 
4.928, 1 df, p < 0.05), and spring (x2 = 4.17, 1 df, p < 0.05). A small sample of 
classified yearlings gave a ratio of 93.4 males per 100 females (N = 122), which was 
not significantly different from a parity ratio. 
The overall composition of the blue sheep population (considered as adult males, adult 
females, yearlings, and lambs) varied between seasons (3 seasons, x2 = 10.53, 4 df, P < 
0.05). Overall composition in autumn was different than in spring (2 = 8.07, 2 df, p < 
0.05), and in winter (x2 = 6.63, 2 df, p < 0.05). No significant difference was detected 
between population composition in winter and spring. 
The trophy age rams were more numerous than the other two ram age classes, and this 
trend was fairly consistent through all seasons (fig. 6.4). Thus, there was no detectable 
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Fig. 6.1. Frequency distribution of observed herd types (N = Autumn: 38, Winter: 72, Spring: 
66). 
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Fig. 6.3. Seasonal trend in the sex and age ratio (Number of sheep classified: Spring = 448, 
Autumn = 703, winter = 479). 
Symbols used: 
Sex ratio = 	Number of adult males per 100 adult females. 
Lamb/ewe = Number of lambs per 100 adult females. 
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Fig. 6.4. Frequency distribution of different male age classes (N = Spring: 250, Autumn: 250, 
Winter: 154). 
W. 
6.3.4. Lamb recruitment and mortality 
The lamb/ewe ratio ranged from 70 % in autumn (after lambing) to 525% in spring 
(before lambing). The differences in lamb/ewe ratio between autumn, winter, and 
spring suggested that the mortality of lambs between autumn and winter was 17.5 %, 
mostly during winter (table 6.5) 
Data could not be collected on lamb recruitment just after the birth season, which made 
it difficult to calculate the annual mortality of lambs with certainty. A certain number of 
lambs presumably died between the lambing season (May-June) and September, when 
the first sheep survey was carried out, as mortality of neonates is fairly high in 
mountain ungulates (Clutton-Brock et al. 1982, Geist 1971, Schaller 1977). 
Assuming that 90 % of adult females gave birth (see 6.2.4), about 20 % of lambs died 
between birth and first census in September and about 37.5 % of lambs died in their 
first year. In other words, only about 62.5 % of the lambs survived to reach the 
yearling age class. The average yearling mortality for the same period was 26.1 %, most 
of which (83.36 %) took place in winter. 
Table 6.4. The composition of the blue sheep population in different seasons (percentage 
in parentheses). 









Spring 448 63 42 45 160 54 84 
(14.0) (9.4) (10.0) (35.7) (12.0) (18.8) 
Autumn 703 93 78 79 197 118 138 
(13.2) (11.1) (11.2) (28.0) (16.8) (19.6) 
Winter 479 56 51 47 168 64 93 
(11.7) (10.6) (9.8) (35.1) (13.4) (19.4) 
Table 6.5. Ratios of sex and age classes in classified blue sheep (N = 1630). 
Season Adult Lamb/ewe Yearling/Ewe Young/adult 
N sex ratio rat i o** ratio*** ratio 
Spring 448 93.75 52.50 33.75 44.52 
Autumn 703 126.90 70.05 59.90 57.27 
Winter 479 91.67 55.36 38.10 48.76 
Symbols used: 
Number of adult rams (2 year old or older) per 100 adult ewes (2 years old or 
older). 
* 	
Number of lambs per 100 ,adult ewes. 
Number of yearlings per 100 adult ewes. 
* * * * 	
Number of youngs (lambs + yearlings) per 100 adults (males + females). 
4.1 
A life table analysis (table 6.6) suggested that mean age at death of the blue sheep rams 
was 6.02 years (SE of mean = 0.40, SD = 2.53). Maximum and minimum life 
expectancies for rams were 11 .09, and 0.96 years, respectively. Hence, at 11 years of 
age, 95 % of rams are expected to be dead. Annual mortality of males in the population 
was 23.12 % (table 6.6, fig. 6.5). The average annual mortality of the young rams (2 
and 3 years old), medium rams (4, 5 and 6 years old), and trophy-age rams (7 years 
old and older) was 15.07 %, 9.82 %, and 6.93 % , respectively. Approximately half of 
male lambs that survive to reach the yearling age class die before they complete their 
4th year of life. Only about 20 % of yearling males survive to become a trophy age ram. 
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Fig. 6.5. Survivorship pattern of Manang blue sheep rams. 
Table 6.6. Life table for blue sheep rams. 
X 1000 	'x dx qx 
2 1000 100 10.00 
3 900 175 19.44 
4 725 175 24.14 
5 550 225 40.91 
6 325 25 7.69 
7 300 100 33.33 
8 200 75 37.50 
9 125 75 60.00 
10 50 0 0.00 
11 50 0 0.00 
12 50 25 50.00 
13 25 0 0.00 







Sex & age 
6.3.5. Mortality factors 
Natural predation by snow leopard was found to be the most important cause of 
mortality. Out of 13 carcasses/fresh kills examined, 9 (69.23 %) were attributed to 
predation by snow leopard, 1 (7.69 %) was judged to have died of an avalanche, 2 
(15.38 %) had died of disease, and cause of death of one (7.69 %) could not be 
attributed to predation, disease or accident. Of the 2 dead lambs autopsied, both were 
found to have died of bacterial pneumonia. Most of the sheep killed by snow leopards were 
adult males (fig. 6.6). In addition to the snow leopard, bearded vultures (Gypatus 
barbatus.) and red fox (Vu/pes vulpes) were found to be potential predators, 
particularly of lambs. On 25 August 1990, a bearded vulture was observed carrying a 
blue sheep lamb. At that time, the Iamb was approximately 3-3.5 months of age. On 16 
November, a red fox made 4 attempts in 38 minutes to attack lambs in a small herd of 8 
sheep but was finally chased away by the adult members of the herd. This suggested that 
foxes may sometimes prey successfully upon young lambs. In addition to these, severe 
winters and occasional outbreaks of disease may also contribute significantly to the 
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6.3.6. Habitat use 
6.3.6.1. Habitat type 
On average, half of the blue sheep herds were observed in grassland habitat. In spring 
and autumn, more herds were observed in barren habitat than in scrubland, whereas in 
the winter, the number of herds observed in scrubland was equal to those observed in 
grassland, and barren habitat was less frequently used (fig. 6.7). 
Seasonal variation in the distribution of sheep herds in different habitat types was 
significant (3 seasons, X 2  = 16.03, 4 df, p < 0.05). The pattern of habitat use in winter 
was significantly different to that in spring (x2 = 8.19, 2 df, p < 0.05), and autumn (x2 
= 11 .84, 2 df, p < 0.05). However, there was no significant difference between the 
habitat use pattern in spring and autumn. 
6.3.6.2. Landform types 
On average, 39 % of the total number of herds were observed on smooth undulating 
slopes, and the level of usage ranged from 37.5 % in winter to 40.6 % in spring (fig. 
6.8), making it the most frequently used landform type. The pattern of landform use was 
similar in spring and autumn with little seasonal variation. 
6.3.6.3. Altitude 
The sheep were distributed at a mean altitude of 4415 m (table 6.7). Over 60 % of 
herds were observed between the attitudinal range of 4200 to 4600 m and this trend 
was fairly consistent in all seasons (fig. 6.9). In winter, the sheep seemed to avoid 
habitats at low (< 4100 m) as well as high (> 4800 m) altitudes. Although altitudinal 
distribution of blue sheep in winter was significantly different to that in autumn (x 2 = 
14.86, 4 df, p <0.05), this was considered to be due to aggregation of sheep in snow free 
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Fig. 6.8. Use of landform types by blue sheep (N=Autumn 38, Winter 72, Spring 65). 
Abbreviations used: 
SUS = smooth undulating slope, MBS = moderately broken slopes, DBS = distinctly broken 
slopes, LS = Landslide/scree, Cliff = Cliffs. 
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Table 6.7. The pattern of the use of altitude by blue sheep. 
Season N Mean (m) SD SE 
Spring 65 4423.7 215.6 26.7 
Autumn 38 4499.5 197.8 22.7 
Winter 72 4463.1 166.4 19.6 
All 
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Fig. 6.9. Use of altitude (000 m) by blue sheep (N = Autumn: 38, Winter: 72, Spring: 65). 
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6.3.6.4. Slope 
Herds were distributed on slopes with an overall mean gradient of 400.  In general, 
slopes of medium steepness (20 to 40 0) were more frequently used and slopes < 20 and 
>60 0  were relatively little used in all seasons. The number of herds observed on the 
slopes of 20 to 400  were 50.8 %, 52.5 %, and 34.7 % of the total observations in 
spring, autumn, and winter, respectively. It was only in winter that the use of steeper 
slopes increased but this difference was not significant (fig. 6.10). 
6.3.6.5. Aspect 
The mean aspect of habitat used by herds varied between 155 0 in autumn to 1680 in 
winter with an average of 170 0 . In general, southerly aspects (135 to 225° azimuth) 
were more frequently used in all seasons, followed by westerly aspects (225-315 0  
azimuth). Northerly aspects were generally less frequently used in all seasons. 
Although seasonal variation was not significant, the sheep tended to concentrate on 
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Fig. 6.11. Use of aspect (degrees) by blue sheep (N = Autumn 38, Winter 72, Spring 65). 
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6.4. DISCUSSION 
6.4.1. Population size and density 
The method used to estimate the population size of blue sheep was such that the minimum 
estimate excluded any repeated counts. However, the estimated maximum number may 
underestimate the number of sheep as it does not take account of the sheep that might 
have been missed during the census. It is therefore possible that the actual number of 
blue sheep in the study area is close to the estimated maximum number. 
The crude density of 6.6 to 10.2 sheep/km2 compares favourably with the blue sheep 
density of 10 per km2  estimated by Wegge and 011 (1988) for a part of the study area. 
Immediately after this survey, heavy snowfall followed by frequent avalanches killed 
several blue sheep, of which 20-30 carcasses, mostly males, were recovered by the 
herders and villagers. The number of sheep killed by the avalanche may be more than 
this as many might have gone unnoticed. Taking this fact into account, and comparing the 
two density estimates, the sheep population in Manang is probably slightly increasing. 
Sherpa and Oh (1988) found an average density of 7.5 sheep/km 2 in Nar and Phu 
valley, north-east of Manang study area. The density in these valleys, however, varied 
from 3.7 sheep/km 2  in highly disturbed (hunted as well as grazed) habitat to 12.1 in 
less disturbed (only lightly grazed) habitat. The density estimated in this study 
compares closely to the sheep density of Ngoru and Kyo Lhe of Phu valley and in both of 
these valleys hunting is prohibited. The density of sheep in the Nar block (where hunting 
pressure was high) and the Longu study block (adjacent to Nar) was considerably lower 
as compared to the density in Manang. 
Published and unpublished reports (table 6.8) show that the density of blue sheep and 
other Eurasian Caprids varies considerably depending on habitat quality, human 
disturbance and other ecological factors. The density of blue sheep in the present study 
area appears to be one of the highest reported for blue sheep or other Eurasian Caprids 
(table 6.8) 
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Table 6.8. Densities of some Eurasian Caprids. 
Species 	Study area 
Blue sheep 	Kangchu, Nepal 
Shey, Nepal 
Kanjiroba area, Nepal 
Dhorpatan, Nepal 
Dhorpatan, Nepal 
N-NW Manang, Neapi 
Quinghai and Gansu, 
China 
Manang, Nepal  
Density 	 Source 
1.4 Schaller (1977) 
8.8-10 Schaller (1977) 
0.9-1.3 Schaller (1977) 
1.9-2.7 Wegge (1976) 
2.6-2.7 Wilson (1981) 
1 0 Wegge and Oh (1988) 
1.07-5.12 Schaller et al. (1988 a) 
6.6-10.2 	 This study 
Dwarf Blue Sichuan, China 
sheep 
Himalayan Langtang, Nepal 
Tahr 
Wild goat Chiltan, 	Pakistan 
Kirthar NP, 	Pakistan 
Markhor Chitral Gol, Pakistan 
Ibex Chitral, 	Pakistan 
Terskaei Alatan, USSR 
Mangolian Altai, 
Mangolia 
Urial Kalabagh, India 
Marcopolo Pamir, USSR 
Sheep 
Argali Mangolian Altai, 
Mangolia 
	
0.5-1 	 Wu etal. (1990) 
5.0-46.0 	 Green (1978) 
0.8 Schaller (1977) 
3.3-4.1 Schaller (1977) 
1.3-1.9 Schaller (1977) 
0.7 Schaller (1977) 
2.7-3.2 Cherniavski (1967) 
2.0-2.3 Dzieciolowski 	et al. (1980) 
11.0-13.0 	 Schaller (1977) 
1.1-1.2 	Heptner etal. (1966) 
3.3-4.8 Dzieciolowski et al. (1980) 
d M1 
6.4.2. Social Organisation 
6.4.2.1. Herd size 
The average herd size of 15.6 sheep/herd agrees closely with the herd size reported for 
a part of the study area (Wegge and Oli 1988). Sherpa and Oh (1988) reported a herd 
size of 17.4 sheep from Nar and Phu valleys, northeast of the present study area. In Nar 
and Phu, herd size varied from 6.7 in Nar, a highly disturbed habitat (due to hunting and 
grazing) to 29.1 in a less disturbed habitat (subject to light grazing but no hunting). 
Wegge (1976, 1979) reported an average herd size of 11.1 sheep/herd for the 
Dhorpatan blue sheep population, ranging from 9.3 to 11.7 sheep/herd. Wilson (1981) 
reported an average herd size of 10.4 sheep/herd (ranging from 8.2 to 11.8) for the 
same area. In Hemis High Altitude National Park, India, herd size varied from 9 in 
winter to 19 in summer (Chandawant et al. 1990). Schaller (1977) found an average 
herd size of 18.4 around Shey, 11.2 in Lapche, and 4.2 in Seng Khola. He also recorded a 
bimodal frequency distribution of sheep herd sizes which has also been found in other 
studies of blue sheep (Sherpa and Oli 1988, Wegge 1976, 1979, Wegge and Oli 1988, 
Wilson 1981, this study). 
Observations on blue sheep herd dynamics raise three fundamental questions: why do 
blue sheep live in a group, what is the optimum herd size, and why does the herd size 
change? 
Why do blue sheep live in a group? 
Clutton-Brock et al. (1 982) suggested that, in vertebrates, living in a group affects 
their ability: 
to detect, avoid, or defend themselves against 
predators, 
to find, handle, and exploit food resources, or to defend them against 
conspecifics, and 
C. to gain, retain, or monopolize access to mates. 
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In the case of blue sheep, there is no evidence from this study to support the argument 
that living in a group increases the efficiency of exploitation of food resources or of 
their defence. Also there was no evidence of blue sheep defending feeding sites or of 
individual or group displacement at the feeding site. Instead, group size seemed to change 
in response to distribution and abundance of food resources. Living in a group, however, 
may facilitate the sheep's access to mates, and possibly ensures that females mate with 
the fittest males. 
In addition to other advantages group living may confer, it may be an important 
adaptation against predation. Living in a group increases the sheep's vigilance and 
alertness (Vine 1971, Treisman 1975 a, b) which should increase the sheep's ability to 
detect and avoid predators. It was observed that herds consisting of 5 or less sheep, or 
sheep observed singly were alert most of the time, and spent more time in vigilance than 
the larger herds. The sheep tended to flee uphill or towards the nearest escape cover (e.g. 
rocks, and cliffs) in response to my close presence. A similar response to the presence 
of a predator may be expected. When attacked, sheep fleeing in different directions may 
create a state of predator confusion (Vine 1971) thereby increasing the individual 
sheep's chances of survival. Similar conclusions were drawn in studies of red deer in 
Scotland, although no large mammalian predators were present in the study area 
(Clutton-Brock et al. 1982). 
The optimum group size in ungulates is poorly understood. It has been argued that, in 
natural situations, an optimal group size may not exist, and even if it exists the 
equilibrium group size may not be the optimal size, and that individuals often are in 
groups larger than the optimal size (Pulliam and Caraco 1984). If optimal group size 
exists, then a herd big enough to cause a significant increase in vigilance against 
predators, yet small enough to be supported by the available food and cover resources 
can be considered optimal. Hence, the herd size may change with seasonal variation in the 
distribution and abundance of food resources. 
Why does herd size change? 
Seasonal and geographic variation in herd size has been reported for many Caprids (e.g. 
wild goat, markhor, and Himalayan tahr: Schaller 1977; Stone's sheep: Geist 1971), 
and the blue sheep also showed this pattern. 
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The preponderance of smaller herds in winter was remarkable in Manang blue sheep. 
The data from this study suggests that the reduction in herd size in winter is a real 
feature of the Manang blue sheep population. Two factors play important roles in 
determining blue sheep herd size: quality and distribution of forage, and disturbance of a 
life threatening intensity. 
In addition to factors that operate round the year, the limited distribution and abundance 
of forage in winter, mainly due to the presence of snow, seemed to play an important 
part in determining herd size. While overall quality of forage shows a seasonal decrease 
in winter, accumulation of snow throughout the range limits the amount of forage 
available to the blue sheep. It is likely that patchily distributed, and poor quality forage 
cannot support a big herd and the larger herds may break-up into two or more smaller 
herds and forage separately. This may ensure that all the animals get sufficient forage 
for body maintenance activities. Conversely, the smaller herds may merge together when 
habitat conditions are better. Von Elsner-Schack (1985) found a similar trend in 
chamois herd size. She found that chamois (Rupicapra rupicapra) group size varied 
from 1 to 20 (median = 4) in snow cover periods and in snow-free periods, the group 
size ranged from 1 to 39 with a median group size of 4.9. She concluded that herd size 
may be smaller in winter in comparison to summer due to the presence of snow that 
limits the availability of food. Seasonal variation in plant productivity induced by 
variation in rainfall has also been found in African ungulates (Estes 1974, Jarman 
1979). 
Casual observations during this study indicated that blue sheep herds were smaller 
following a visit of a snow leopard (determined from radio-tracking, and signs). It is 
possible that whenever a snow leopard or any other predator attacks a blue sheep herd, 
or the blue sheep detect the presence of a predator, the sheep tend to flee in all possible 
directions to avoid the danger. While fleeing, the sheep herd breaks up, and only a few 
members of the herd may re-establish contact with others, thereby resulting in smaller 
herds. This may equally apply to any other life-threatening disturbance, such as an 
attack by a hunter or a mastiff. 
6.4.2.2. Adult sex ratio 
Fisher (1930) suggested that natural selection favours those parents who invest equally 
in their sons and daughters. However, Trivers and Willard (1973) showed that under 
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certain well defined conditions, natural selection favours systematic deviation from a 
unity sex ratio. 
Previous works show that seasonal and geographic variations in sex ratio are not 
uncommon (table 6.9). Schaller (1977) reported seasonal variation in sex ratio in a 
number of Eurasian Caprids. In Karchat, adult sex ratio in wild goat (Capra aegagrus) 
varied from 49 in March to 117 in September. Sex ratio in Punjab urial varied from 
86 in October to 131 in April. The adult sex ratio of Kashmir markhor (Capra 
falconeri) in Chitral Gol, Pakistan, was 42 in December, 1970; but it was 63 in the 
same month of 1972, and in January, 1974, the adult sex ratio was 80 (Schaller 
1977). A large seasonal variation in adult sex ratio has also been reported for argali 
(Ovis ammon) and alpine ibex (Capra ibex) from the Mongolian Altai (Dzieciolowski et 
al. 1980). 
Differential mortality may explain the seasonal variation in adult sex ratio of blue 
sheep. I argue that such a seasonal variation due to differential mortality is a real 
feature, and suggest the following possible explanation. 
Female mortality could be high between late spring and autumn because of 
the deaths associated with giving birth and high energetic cost of raising lambs 
after birth. This explains the male biased sex ratio in autumn. But when the 
lambs are grown-up (possible after autumn) the deaths associated with giving 
birth and raising lambs may come down automatically. 
At the end of autumn the rut starts and males spend more time and energy in rut 
activities than in feeding (Geist 1971, Clutton-Brock et al. 1982). The males 
also get involved in serious fights which could be fatal (Schaller 1977). Such an 
increased energy expenditure, low energy intake, and often serious fights may 
result in an increased mortality in rams. This explains the female-biased sex 
ratio in winter and spring. 
If this mechanism is a part of population processes then a seasonal cycle in the adult sex 
ratio would be predicted: male-biased sex ratio in summer/autumn, followed by a 
female-biased ratio in winter and spring. 
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Such a differential mortality and skewed sex ratio has also been observed in other 
Caprids (Schaller 1977, Geist 1971). Schaller (1977) also noted that snow leopards 
and wolves kill a disproportionately large number of males, and similar results were 
found in this study. In addition, differential mortality may also be inflicted by climatic 
factors such as drought and severe winter (Schaller 1977) to which only one sex may be 
particularly vulnerable. Selective abortion, resorption, or starvation of progeny 
(Maynard Smith 1980) may also alter the parity sex ratio. 
6.4.2.3. Population composition 
The overall composition of the blue sheep population showed a consistent pattern in all 
seasons (fig-6.2) (i.e. slightly larger proportion of trophy age rams, almost similar 
proportion of medium and young rams, and smaller number of yearlings than lambs). 
Segregation of sexes has been reported from a number of north temperate ungulates (e.g. 
bighorn sheep: Geist and Petocz 1977, chamois: Shank 1982, Alpine ibex: Francisci et 
al. 1985, red deer: Clutton-Brock et al. 1982). However, a large proportion of mixed 
herds in all seasons confirms that sexes are not segregated in blue sheep. 
A number of hypotheses on sexual segregation have been proposed (e. g. Geist and Petocz 
1977, McCullough 1979, Geist and Bromley 1978, Verme 1988, Clutton-Brock et al. 
1982). However, none of them can fully explain the adaptive significance of sexual 
segregation (Main and Coblentz 1990). Despite the advantages that sexual segregation 
might have, it is not fully understood why sexes do not segregate in blue sheep. Following 
possible explanations are offered: 
Nutritional requirements are likely to differ between sexes in blue sheep as in 
other north temperate ungulates because of body size dimorphism and other 
physiological factors (Geist 1971, Clutton-Brock etal. 1982). However, most 
of the blue sheep habitats throughout its range do not offer a diversity in habitat 
type, and there is very little variation in vegetation. Thus, even if different 
nutritional requirements exist between males and females (Clutton-Brock et al. 
1982), they may not be expressed as sexual segregation. 
It is also possible that young individuals are better protected from predators in a 
mixed group than in sexually segregated groups, but more evidence is needed. 
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Increased alertness and vigilance in a mixed group could be of major adaptive 
significance against predation in a habitat with high predation pressure. 
6.4.3. Recruitment and survival of lambs: 
A lamb/ewe ratio of 70 % (table 6.5) in autumn, after the lambing season compares 
closely with the same ratio reported by Wegge and Oh (1988) for a part of the study 
area in late autumn. No evidence of yearling breeding was found as claimed by Wegge 
(1979). The lamb/ewe ratio of 52 % in spring (just before the lambing season) 
indicated a high lamb mortality during the first winter. 
The lamb recruitment of 70 % is considerably higher than the recruitment reported for 
Phuksundo and Shey (Schaller 1977), Hemis High Altitude National Park (Chandawant 
etal. 1990), and Nar and Phu (Sherpa and OIl 1988). However, it is smaller than Seng 
(Schaller 1977), Barse/Phagune, Gustang, Dogadi and Seng blocks of Dhorpatan (Wegge 
1979, Wilson 1981), and Sundaha block of Dhorpatan (Wilson 1981) during the same 
season (table 6.9). The lamb/ewe ratio of 55 % and 52 % in winter and spring 
respectively, is lower than the ratio reported from elsewhere in the same season (Wegge 
1979,   Wilson 1981, Schaller 1973). Lamb mortality of 37.5 % is considerably higher 
than an estimate of 10-15 % for Dhorpatan blue sheep (Wegge 1976), indicating that 
mortality of lambs in Manang is high and most of it takes place during winter (table 
6.9). 
114 
Table 6.9. Characteristics of some blue sheep populations. 
Study area 	 N' Survey season 
Lapche, Nepal 216 March, 	1972 
Phuksundo, Nepal 47 Autumn, 1973 
Shey 1952 Autumn, 1973 
Dhorpatan, Nepal 46 Autumn, 1973 
(Seng block) 
Dhorpatan, Nepal 312 Autumn and spring 
(Seng, Dogadi, & Gustang) 	1974-76 
Dhorpatan, Nepal 484 Autumn and spring 
(Phagune & Barse) 1974-76 
Dhorpatan, Nepal 796 Autumn and spring 
(Whole reserve 1974-76 
except Sundaha) 
Dhorpatan 803 Autumn, 1976 
(Sundaha) 
N-NW Manang 435 Autumn, 1987 
Nepal 
Nar and Phu, Nepal 
(Nar) 273 Spring, 	1987 
Nar and Phu, Nepal 248 Summer, 1987 
(Langu) 
Nar and Phu, Nepal 370 Summer, 1987 
(Ngoru) 
Nar and Phu, Nepal 544 Summer, 1987 
(Kyo Lhe) 
Nar and Phu, Nepal 1 435 Spring-Summer, 
(Whole Valley) 1987 
Quinghai, China 2168 ? 
Hemis High Altitude 1126 Winter, 	Spring, 
National Park, India and summer 
Manang, Nepal 703 Autumn, 1990 
Manang, Nepal 479 Winter, 	1990-91 
Manang, Nepal 448 Spring, 	1990 
Adult Lamb/ Yearling/ Source 
sex ewe ewe 
ratio* ratio ratio*** 
116 88 82 Schaller 	(1977) 
128 50 57 Schaller 	(1977) 
134 40 29 Schaller 	(1977) 
69 88 31 Schaller 	(1977) 
169 78 54 Wegge (1976) 
76 82 59 Wegge (1976) 
108 81 57 Wegge (1979) 
123 78 79 Wilson (1981) 
107 73 55 Wegge and Oh (1988) 
98.9 59 52.3 Sherpa and OIl (1988) 
48.9 60 52.6 Sherpa and Oh (1988) 
150 67.3 62.1 Sherpa and OH (1988) 
115 67.7 49 Sherpa and OR (1988) 
86.4 60.5 52.6 Sherpa and OH (1988) 
50 66 31 Ren and Yu (1990) 
92 35 29 Chandawant et al. (1990) 
126.9 70.05 59.9 This study 
91.67 55.36 38.1 This study 
93.75 52.5 33.75 This study 
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Table 6.9. (cont.) 
Symbols used: 
@ 	Number of sheep classified. 
* 
Number of males per 100 adult females. 
* * Number of lambs per 100 adult females. 
* * * Number of yearlings per 100 adult females. 
The variation in winter survival of lamb to yearling age class between populations and at 
various stages of growth within the same population has been widely accepted. It has also 
been suggested that mortality is inversely related to the quality of lamb and directly 
related to severity of winter (Geist 1971). Birth weight, birth date, and physical 
condition of the mother may also affect lamb mortality at early age (Clutton-Brock et al. 
1982). In Manang blue sheep, habitat quality, nutrition, diseases, and predation seemed 
to have inflicted an increased mortality on lambs. The study area in Manang supports 
about 1000 blue sheep in addition to a local livestock population of approximately 
2000, which compete with blue sheep for similar, if not the same, forage. It was found 
that the heaviest stocking of domestic animals in the blue sheep habitat coincided with 
the lambing season. This must further increase the competition for food between blue 
sheep and domestic stock, because lactating ewes need a better quality forage. At the same 
time, intra-specific competition between the individuals of the blue sheep population 
inevitably occurs. Such a keen intra- as well as inter-specific competition for 
resources may result in poor nutrition, followed by reduced lactation in mothers, and 
therefore, increased vulnerability of the lambs to predation and disease. 
In addition to snow leopards, red fox (Vulpes vulpes), bearded vulture (Gypatus 
barbatus, this study), and possibly also golden eagle (Aquila chrysaetas) ( e.g. in red 
deer: Cooper 1969) may be serious predators on lambs, especially during the first few 
days of their life. This increases the predation pressure on the young animals which, at 
an early age, may not have developed effective defences against predation. Wegge (1976) 
reported light predation on the Dhorpatan blue sheep, which may explain the high 
lamb/ewe ratio. Whereas, in Shey and Phuksundo, where more predators (snow leopard, 
wolves, red fox, and bearded vulture) were present, Schaller (1977) reported a small 
lamb/ewe ratio. Similarly, lamb/ewe ratio was remarkably small in Nar and Phu 
(Sherpa and Oli 1988) where both habitat and predation conditions were similar to 
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Manang. It is, therefore possible that a heavy natural predation is one of the most 
important factors causing a high lamb mortality in Manang blue sheep. 
Out of 3 blue sheep found dead in the study area, two were lambs and one was a trophy age 
ram. The death of the ram could not be attributed to predation or disease, whereas, both 
the lambs were found to have died of bacterial pneumonia. It is possible that relatively 
more lambs die of disease than individuals of other age groups as the lamb's immunity 
may not have developed at an early age. Moreover, livestock grazing in the blue sheep 
habitat may transmit infectious diseases to which the lambs could be particularly 
vulnerable. 
It has been reported that length of suckling bouts decreases with an increase in 
population density (e.g. mountain sheep: Geist 1971; red deer: Clutton-Brock etal. 
1982). In red deer, the calf/hind ratio fell as density increased (Clutton-Brock et al. 
1982). Also intra-specific competition increases with increase in density, which may 
be inversely related to nutritional conditions of the ewes and lambs. The high density 
measured in the Manang blue sheep population may therefore also be an important factor 
in its regulation 
6.4.4. Ram mortality 
The minimum, maximum, and mean life expectancies of Manang blue sheep rams were 
lower than north American sheep (Geist 1971). The mortality appears to be higher 
among rams of 4-9 years of age, which coincides with the likelihood of being socially 
dominant. This agrees with Geist's (1971) observation that low mortality in bighorn 
sheep coincides with low dominance. A short life expectancy of rams may indicate that 
Manang blue sheep population is reasonably healthy, as life expectancy of males is 
generally lower in high quality, expanding populations (Geist 1971). 
6.4.6. Habitat use pattern 
The general preference for grassland habitat on smooth undulating slopes between 4200 
and 4600 m of medium steepness and south-southwest aspects appears to be associated 
with the distribution of grazing areas. It was within the limits of these parameters that 
most of the good quality grasslands were distributed. The minimal use of lower elevations 
was possibly because of human disturbance (e.g. firewood and wild garlic collection, 
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grazing, and trekking). Similarly, the sheep did not use habitat above 4800 m because 
there was little forage available. In some parts of the study area, the sheep hardly used 
some good quality grasslands with little escape cover in the form of cliffs and rocks (e. g. 
in Pangla, map 2.2). It is, therefore, possible that distribution of escape cover is almost 
as important as distribution of food for blue sheep. 
Seasonal variation in habitat use also appeared to be associated with distribution and 
abundance of food. An increased use of scrubland in winter was due to the presence of 
snow that limited the availability of grass. Following heavy snow falls, most of the 
grassland was covered by snow, and therefore, very little grass was available to the blue 
sheep. During this period, the only available source of food was shrubs of Caragana sp., 
Rosa sp. and a few other species, and from these, the blue sheep mainly fed on leaves and 
bark of these shrubs. As soon as snow melted the sheep would move back into those 
grasslands. 
In Dhorpatan, the blue sheep generally preferred Al habitat throughout the year (Wegge 
1976, Wilson 1981), which is equivalent to grassland habitat in smooth undulating 
slopes of medium steepness 
6.4.6. Blue sheep and snow leopard: An analysis of predator-prey 
relationship 
6.4.6.1. An overview of Mariang snow leopard 
During this study, 3 adult snow leopards (2 females and 1 male) were radio-collared. 
Pug-mark measurements and distribution of other signs indicated that another 2 to 4 
snow leopards were using the study area. This gave an estimated population size of 5-7 
adult leopards in 100 km 2 study area, and a density of 1 leopard/14-20 km 2 . 
The study of snow leopard diet (chapter 4) indicated that blue sheep is the most 
important food of snow leopard, but small mammals and livestock are also taken. The 
proportion of blue sheep killed by snow leopard is presented in fig. 6.6. Given the 
composition of the Manang blue sheep population (fig. 6.2), it is suggested that snow 
leopards kill a disproportionately larger number of males, as claimed by Schaller 
(1977) but more evidence is needed. Three possible explanations for this observation 
can be suggested. First, older males with long horns are more, easily stalked because of 
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reduced mobility due to the large size of skull. Second, It may be more cost-effective for 
a predator to kill a big ram than a female or a young, as more food is obtained at similar 
investment of time and energy and therefore snow leopards selectively kill larger rams. 
And third, the males may be over-represented in a sample because of their high 
detectibility due to large size and low perishability of remains in comparison to females 
or youngs. 
6.4.6.2. Impact of snow leopard predation on blue sheep population 
Based on captive cats, Jackson and Ahlborn (1984) estimated an adult snow leopards' 
food requirements to be 1.3 to 2.0 kg/day. They calculated that 600 to 900 kg of meat is 
required to support an adult snow leopard for one year, a figure that takes account of the 
increased energy expenditure of the wild snow leopard (at about 25 %) and the inedible 
portion of its prey (at about 35 %). 
Taking this figure as a basis, the estimated minimum number of snow leopards (i.e. 5 
leopards) would require 3000 to 4500 kg prey per year, which is 9.5 % to 14.3 % of 
standing crop biomass. Similarly, the estimated maximum number of leopards (i.e. 7 
leopards) would require 4200 to 6300 kg prey per year with a harvest rate of 13.2 % 
to 19.8 % of the standing crop biomass. The actual harvest rate could be slightly larger 
than this as the energetic cost of raising cubs is higher than the energy requirements of 
an adult snow leopard (Wemmer and Sunquist 1988). Assuming that an adult snow 
leopard requires to kill 20-30 sheep annually (Jackson and Ahlborn 1984), the 
estimated number of 5 to 7 snow leopards would kill a total of 100 to 210 blue sheep 
annually, which is roughly 9 to 21 % of total sheep population. The estimated harvest 
rate of 9.5 to 19.8 % by standing crop biomass, and 9 to 21 % by number, is slightly 
higher than the harvest rate reported for tiger in Chitwan (Sunquist 1981), Sarengeti 
predators (Schaller 1972) or big cats of Cocha Cashu (Emmons 1987). However, given 
the blue sheep recruitment rate (section 6.3.4), absence of other predators, and the 
importance of other prey in their diet, snow leopard predation on blue sheep may not be 
the limiting factor in blue sheep population dynamics. 
Without the biomass contribution of small mammals and livestock, the estimated 31763 
kg of ungulate biomass (table 6.1) gives a predator-prey ratio of 1:113-181 on a 
weight basis. This estimate assumes that the snow leopard number is 5-7, and an 
average live weight of an adult snow leopard is 40 kg. The estimated predator-prey ratio 
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is slightly smaller than the ratio estimated for tiger (Sunquist 1981), or Sarengeti 
predators (Schaller 1972), but compares closely with the feuds of Cocha Cashu 
(Emmons 1987). The ratio can be considered adequate given the absence of other 
potential competitors. 
It is clear from Chapter 4 that the contribution of small mammals and domestic livestock 
to the diet of snow leopard is not insignificant. Jackson and Ahlborn's (1984), and 
Wemmer and Sunquist's (1988) estimate does not seem to have taken this fact into 
account while estimating the prey requirements. Furthermore, in the absence of 
hunting, and other predators, snow leopard faces little competition for the main ungulate 
prey. Considering the fact that the snow leopard also prey upon small mammals and 
livestock, and that some of the cats have only a part of their home range in the study 
area, the prey population of Manang is big enough to support the present snow leopard 
population (i.e. 5-7 cats), and possibly a few more. 
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6.4.7. Summary 
An area of 105 sq km was surveyed for blue sheep population. The estimated 
697 to 1071 sheep and an estimated biomass of 31763 kg gave a sheep density of 
6.6 to 10.2 sheep/km 2 and a biomass density 302 kg/km 2 . 
The mean herd size varied from 10.9 in winter to 23.6 in autumn. The average 
herd size in winter was significantly smaller than that in spring and autumn. 
The adult sex ratio favoured males in autumn but females in winter and spring. It 
is suggested that differential mortality operating in one sex in a particular 
season may have caused such a seasonal variation in adult sex ratio. It is also 
argued that more females might have died during lambing and raising lambs at 
early age due to the deaths associated with giving birth and heavy energy 
investment in raising lambs, whereas, more males may have died in winter 
due to greater investment of time and energy in rut activities. 
Lamb/ewe ratio of 70 % in autumn (after lambing) and 52.5 % in spring 
(before lambing) suggested a high winter mortality of lambs. 
The mean age at death of rams was 6 years, whereas life expectancy of all sheep 
at birth was estimated at 3.6 years and annual population mortality at 24 %. 
Natural predation by snow leopard appeared to be the most important cause of 
sheep mortality. Other mortality factors included disease, avalanche, and 
predation by red fox and bearded vulture (only on lambs). 
Blue sheep showed a year-round preference for grassy slopes between 4200-
4600 m on south-southwest aspects. 
An analysis of predator-prey relationship indicated a predator/prey ratio of 
1:113-181 on a weight basis. It is concluded that the prey population in Manang is 
adequate to support the estimated 5-7 snow leopards and possibly a few more. 
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CHAPTER 7 
CONCLUSION AND RECOMMENDATIONS 
7.1. Introduction 
In this chapter the findings of this study and information from other studies relevant to 
snow leopard conservation will be discussed, threats to its future conservation 
identified, priorities for further research noted, and possible options for resolving the 
conflict between snow leopards and the local human population will be proposed. 
Despite the fact that snow leopards are legally protected in most part of their range and 
that international trade in snow leopard products is forbidden, the luxurious coat often 
finds its way to local, and possibly also international markets (Barnes 1989, Chopra 
1988, Osborne etal. 1983). The high price paid for the fur encourages poaching. Strict 
law enforcement in the Himalayan valleys, such as Manang, is a practical impossibility 
unless the local people cooperate. This study has shown that many people are not even 
aware that killing snow leopard is illegal. Even those who are aware of it often wonder 
why a pest that kills their valued livestock should not be killed. They find it hard to 
agree with the view that snow leopards should be protected at the expense of their valued 
livestock. Although snow leopards still occur in the study area, they are constantly in 
conflict with the local people. It is unrealistic to assume that the deeply rooted hatred 
felt by local people towards snow leopards can be changed easily and quickly. 
7.2. The conflict 
Conservationists have a different attitude towards the snow leopard to that of the local 
people. They consider the snow leopard as a symbol of a high altitude ecosystem and 
advocate their conservation, whereas local people consider them as a pest. Conflict of 
interests arises when predation on domestic stock by snow leopards causes considerable 
damage to the local economy. Traditionally, conservationists have viewed such losses as 
insignificant and placed a high value on the long term conservation of snow leopards and 
their habitats. The decision to include snow leopards in the list of endangered species was 
taken at IUCN headquarters, and to include it in the list of protected animals of Nepal was 
taken in Kathmandu without consultation with the people of Manang or any other village 
in its range. The people living in and around snow leopard habitat do not understand, in 
the first place, why an animal that kills their valued livestock should be protected. In a 
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place like Manang where people are struggling to earn their livelihood under extreme 
climatic conditions and poverty, whether an animal is endangered or protected means 
very little, and there is rarely anyone to explain why it is necessary to protect snow 
leopards. 
Livestock farmers in developed countries such as Scotland and the USA, who are 
financially far better-off than the poor mountain dwellers of the Himalayas, also have a 
strong negative attitude towards predators even when the reported rate of livestock lost 
to the predators (in terms of percent of stock holding or percent of lamb crop) was 
smaller than was found in Manang (e.g. Boggess etal. 1978, Cain etal. 1972, Hewson 
1990, Kellert 1985). As a result, predators are controlled using various methods, from 
trapping to shooting, often at great expense (Cain et al. 1971, Hewson 1990). This 
study, together with information from other parts of snow leopard range suggest that 
predation on domestic livestock occurs throughout the range. 
This study, together with anecdotal information from elsewhere, has shown that there is 
a serious conflict between snow leopards and the local human population, which has 
resulted in the deaths of many snow leopards throughout its range (e. g. Fox etal. 1988, 
1991, Mallon 1984 a, 1988, Osborne et al. 1983, Sayer 1980, Schaller et al. 1987, 
Schaller et al. 1988 a, 1988 b). Very little, if anything, is being done to improve the 
situation in any part of the range. Therefore, decisive action towards resolving the 
conflict is necessary before it is too late. 
7.3. The threats 
Threats to the conservation of the snow leopard are: 
Killing by local people in retaliation for livestock predation, 
Trade of snow leopard fur in local, and to a lesser extent, international 
markets, thereby encouraging poaching, 
Habitat disturbance due to penetration by livestock and humans, 
Destruction of sparse vegetation, which is an important hunting cover for snow 
leopards, 
Depletion of the ungulate prey population in some parts of its range, 
Local people's perception of snow leopards as a pest and their negative 
attitude towards them, and 
Limited knowledge of snow leopard ecology and behaviour upon which to base a 
sound management programme. 
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7.4. Research needs 
Data on the ecology of free-ranging snow leopards are available only from one study 
conducted in the Langu valley of Nepal (Jackson and Ahlborn 1986) and no data are 
available for comparison. Although we now know more, there still is a huge gap in our 
knowledge of snow leopard ecology. Some research priorities which need to be addressed 
immediately if we are to develop a sound management strategy in the Annapurna 
Conservation Area, are: 
A detailed radio telemetry -based study of snow leopards to investigate: 
(a) size and configuration of home range in relation to habitat conditions, and 
distribution and abundance of prey, particularly blue sheep, (b) the habitat 
use pattern of snow leopard to investigate how it compares with the data from 
Langu valley. 
Based on the findings of (1), a Geographic Information System (GIS)-based 
habitat analysis to investigate: (a) habitat conditions (b) how snow 
leopards utilise their habitat in relation to habitat availability (c) what are the 
habitat conditions most critical to snow leopards (d) what factors determine the 
suitability of a habitat, and (d) the distribution of suitable and potential habitats 
in the Annapurna Conservation Area (or in Nepal as a whole). 
Long-term dietary studies to investigate: (a) annual variation in diet, (b) 
whether seasonal patterns vary between years, and (c) how snow leopards 
respond, in terms of diet, to any change in the abundance of the primary prey 
species, the blue sheep. 
Develop, validate and use standard techniques to study distribution and abundance 
of snow leopards. 
A long-term study of the blue sheep population to: (a) understand the 
dynamics of the prey population, (b) understand the impact of snow leopard 
predation, and (3) to help achieve objectives 1-3. 
Questionnaire survey of villages in other parts of the snow leopard range, with a 
quick survey of the blue sheep population in the village land used as pasture to 
understand: (a) pattern, intensity, and economic impact of livestock 
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predation, (b) how the intensity of livestock predation is related to the 
abundance of the prey population, and (C) whether the attitude towards snow 
leopards and methods recommended to reduce loss vary between villages. 
7.5. Management recommendations 
This study has shown that there are times and places when and where snow leopards 
cause severe damage to livestock and because of this some households have to bear a 
substantial economic burden. Some means of protection of the local people's interest is 
required to abate the conflict. In Manang, the government and/or ACAP have either not 
accepted their responsibility in this respect, or they lack necessary knowledge and/or 
resources to fulfil it. Failure to take the necessary actions to resolve the conflict 
between the snow leopard and local community may mean that these organisations are 
also refraining from their commitment to the conservation of this endangered cat. At the 
same time, steps to discourage the illegal fur trade, maintain the prey population, and to 
protect the habitat should be taken. 
Snow leopard conservation should be viewed as a complex process that involves the 
ecosystem as a whole, rather than only the snow leopard in isolation. Not only human 
populations, but also their activities and livestock have been an indispensable part of the 
the environment in many parts of their range. Sustainable and lasting conservation goals 
cannot be achieved without educating and involving the local community, and this fact has 
widely been recognised. As human activities related to poverty and subsistence activities 
are too often a major threat to conservation, a package involving programmes aimed at 
improving living conditions of the local people are more likely to be accepted by the local 
community than a conservation programme in isolation. This fact is supported by the 
public acceptance and success of the Annapurna Conservation Area Project in the Stage I 
area. Therefore, any snow leopard conservation programme should: 
be based on scientific information, 
address the ecosystem as a whole rather than the snow leopard in isolation, 
ensure that local peoples' traditional right of resource use is respected, 
be acceptable to the local community, 
encourage public participation through education, and 
be sustainable. 
The following recommendations are particularly relevant to Manang, but they may also 
be equally applicable to other parts of the snow leopard's range. 
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7.5.1. Reducing the loss: a step forward towards conflict resolution 
7.5.1.1. Husbandry practices 
Efforts should be made to improve husbandry practices that could potentially reduce the 
stock losses (see Chapter 6) as far as practicable. Following are some of the ways in 
which this could be achieved. 
Closer guarding 
Closer day-time guarding, and bringing back the stock to night time enclosures could 
potentially reduce the predation losses that occur during the day. It could also reduce loss 
of the stock that fail to come back to the enclosure and fall prey of snow leopards. Such 
practices should be encouraged as far as practicable. 
Night time coralling 
Livestock are not confined at night as appropriate structures do not exist in most of the 
pastures. Keeping animals in predator-proof confinement at night could substantially 
reduce the predation losses and it should be encouraged whenever possible. Making 
predator-proof corals in the villages themselves may not be necessary as no case of 
predation in the villages was reported. 
Use of guard dogs 
Tibetan mastiffs or other guard dogs could be used to keep snow leopards off at night. 
However, a wondering dog may harass blue sheep and possibly also snow leopards. This 
problem can be minimised by chaining dogs during the day. 
Avoiding areas of high predation risk 
Avoiding the use of pastures where predation rate is higher should be encouraged as far 
as practicable. 
The practicability of the implementing these options needs serious consideration and a 
cost benefit analysis needs to be done. For example, construction of predator-proof 
confinements to accommodate all livestock would be very costly, if practicable. 
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Employing a person to guard the animals closely may not be cost effective. Given the 
limited pastures, avoiding the use of a few with higher predation rate may be not be 
feasible. While guard dogs may help keep the snow leopard off the night time corrals, 
they can harass both blue sheep and snow leopards. Thus, these options should be 
discussed with the local people. 
7.5.1.2. Removal of problem leopards 
Removing the leopards known to raid stock frequently may reduce predation incidents, 
but identifying and selectively removing them would be extremely difficult and this 
option should be the last resort. 
7.5.1.3. Compensation for livestock loss 
Over 97 % of Manang villagers suggested snow leopard eradication as a way of reducing 
predation losses. This option is clearly unacceptable given the endangered status of the 
snow leopard and international concern for the conservation of this species. The only 
alternative considered acceptable by the local community was compensation for losses. 
This could be achieved by creating an endowment fund to provide financial compensation. 
A possible scheme is outlined below. 
1. The fund 
It is recommended that an endowment fund be created by the Annapurna Conservation 
Area Project (ACAP) with financial assistance from international organisations such as 
World Wildlife Fund (WWF), and International Snow Leopard Trust (ISLT). 
Compensation payment should be made from the interest of the fund deposited in a high 
interest rate fixed deposit account at the nearest bank (Chame). Since the bulk of the 
fund will not be used, such an arrangement, given proper management, ensures the 
sustainability of the scheme although the initial investment will be high. 
The amount of money required to create the endowment fund should be determined on the 
basis of a thorough assessment of the intensity of predation throughout the district. A 
tentative estimate of the amount necessary for creating such a fund to compensate for the 
reported loss for the year 1989-90 is calculated on the basis of this study and is given 
below. 
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The total number of households in snow leopard habitat in Manang district (Bhraka, 
Manang, Tanki Manang, Khangsar, Ngawal, Ghyaru, Pisang, Nar, and Phu) is 975 (CBS 
1981). This study has shown that only 34.3 % of the surveyed households reported the 
loss of any domestic animal to snow leopard (table 5.5), with an average per household 
loss of NRs 2175 (table 5.6) in 1989-90. Extrapolating these figures for the whole 
district, 334 out of 975 households lost livestock to snow leopard with an estimated 
total loss of NRs 727581 (US$ 16168, 1 US$ = NR5 45). It 75 % of the loss had to be 
compensated, the amount required for 1989-90 would be NRs 545685 (US$ 12126). 
Assuming that the livestock loss in 1989-90 is representative of the actual situation, 
the capital investment required to create the fund and to produce enough interest to pay 
the estimated compensation would be NRs 6063175 (US$ 134737) for 100 % 
compensation, and NRs 4547375 (US$ 101052) for 75 % compensation at 12 % 
interest rate. The above estimate is based on the current exchange rate of 1 US$ = 45 
NRs, and does not take account of the high inflation rate in Nepal. Thus, it should only be 
considered as a basis for detailed calculations, and a mechanism to cover the inflation 
should be included in the scheme. 
2. The Snow Leopard Conservation Committee 
A district level Snow Leopard Conservation Committee should be formed under the 
guidance of ACAP. The committee should include at least one representative from each 
village in or near snow leopard habitat (i.e. Manang, Tanki Manang, Bhraka, Khangsar, 
Ngawal, Ghyaru, Pisang, Nar and Phu), preferably, the chairman of the local 
Conservation Committee constituted within ACAP framework, a respected and influential 
personality in the village (e.g. the Lama), or the chairman of the Village Development 
Committees. The committee should also include the local Conservation Officer of ACAP and 
the District Forest Controller, who will be responsible for co-ordinating and directing 
the committee activities. The chairman should be an influential and well respected 
member of the community (e. g. chairman of the District Development Committee, head 
of one of the Village Development Committees, or an influential Lama). The committee 
should 
inform all the villagers of each village about the compensation scheme, 
eligibility for claiming compensation, and procedures involved therein, 
inform all the villagers that since compensation for the losses is being offered, 
no snow leopard should be killed under any circumstances, 
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ensure that no snow leopards are killed in revenge, and that whoever kills a 
leopard, is punished by law, 
work out the details of the scheme, such as procedures for claiming, amount to 
be paid etc, 
ensure that funds are properly allocated to the genuine sufferer and that fake 
claims are discouraged, 
liaise between ACAP and the villagers in all conservation and development 
programmes of ACAP, and 
educate the public in conservation and other general matters. 
3. Eligibility for claiming compensation 
The compensation should be paid only to: 
1. 	proven predation cases (to be determined through cross-checks and third party 
confirmation by the committee representative), 
2. 	cases in which appropriate measures were taken to avoid the predation. 
Compensation should not be paid: 
for the loss of male yaks and oxen which are left unattended almost 
throughout the year. 
for the loss of an animal not coralled at night, or left unattended. 
for the loss of an old, injured, diseased, or otherwise a dying animal. 
Compensation claim and payment 
The committee, under the guidance of ACAP, should work out a convenient yet effective 
mechanism for claiming losses and making payments. The scheme should be simple so 
that even the illiterate villagers can claim without much problem, but effective enough 
to detect and discourage the possible abuse of the scheme. Following are some guide-
lines: 
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A claim form should be developed which should be duly filled out by the claimant. 
The completed form should contain such information as the exact location and 
circumstances of incidents; type, age, and sex of the animal lost; protection 
measures taken; and whether or not meat was recovered. 
The completed form should be duly signed by 2 unrelated witnesses who are 
aware of the claimed loss, confirming that the particulars of the claim are true. 
The application then should be submitted to the committee representative in the 
village for cross-checking with the witnesses or others. If he is satisfied that the 
claim is genuine, he will sign the form recommending the payment. 
The committee should meet at regular intervals (every 2-3 months) to evaluate 
arising claims and to make approved payment. Each case should be carefully 
considered to weed out false claims. 
The committee should decide on the maximum and minimum amount to be paid 
based on the local prices of each livestock type. The minimum and maximum 
limits could be 25-75 % of the local prices, but it could vary with the sex, age, 
and type of livestock. For example, meat of a yak is often retrieved and eaten, 
whereas the meat of horses is not eaten even if it is retrieved. Therefore, both 
maximum and minimum compensation for horses could be higher than the 
compensation for the yak. It is recommended that the amount to be paid (within 
these limits) should be related to protection measures taken to avoid predation, 
circumstances of incidence, and physical condition of the lost animals. 
The total amount of money available for compensation payments should be 
divided for various periods covered by each meeting. This study has shown that 
the frequency of predation is higher in winter. Therefore more money should be 
allocated for the winter months. 
It is recommended that the amount of money available for compensation should be divided 
between the genuine sufferers, but should always be within the recommended maximum 
and minimum limits. The amount paid should not be more than the recommended 
maximum limit, even if the number of genuine claims is very low for a particular 
period. Similarly, if the claims are unexpectedly high in one season and the available 
money is not enough to compensate for all the genuine losses, money should be made 
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available from other sources to ensure that the minimum recommended amount is paid to 
the sufferers. This could be achieved by creating a contingency fund. 
Since payment for false claims will affect genuine sufferers by reducing the available 
money for compensation, victims are likely to inform the village representative of any 
false claims, which will therefore be discouraged. 
The compensation scheme outlined above has both merits and potential problems: 
Merits: 
As revealed by the questionnaire survey, compensation is the only method of 
reducing the loss acceptable to the local community. 
As it involves direct and instant financial incentive, the villagers are likely to 
cooperate. 
As the suggested scheme involves an endowment fund, the capital amount can not 
be spent under any circumstances, therefore, the scheme can be sustainable over 
a long period given proper management. 
As the committee mostly consists of the local village representatives, only ACAP 
or any other implementing agency can not be blamed entirely for its failure. 
As the committee acts as a liaison between ACAP and local people, it will make 
implementation of the other ACAP programmes easier. 
Problems: 
Livestock losses from any cause may have to be compensated because of the 
impracticability of going to the site and determining the actual cause of death on 
all occasions. 
The local people may manufacture false cases and claim for compensation, 
which could be very difficult to detect. 
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The local community is likely to accept the package as it involves direct financial 
incentives but continue to kill snow leopards secretly as before. It could be hard 
to find out whether this is happening unless the local people cooperate. 
Committee members may favour their relatives and friends and recommend 
compensation for fake claims from these people. This could affect the local 
people's trust in the committee, making it difficult to implement the scheme. 
If the committee fails to function efficiently and impartially, any conflict of 
interest will reflect badly on ACAP. 
Joslin (1973) reported similar problems in the Gir forest of India. Due to the scarcity 
of ungulate prey, the diet of Indian lion (Panthera leo) consisted mainly of the domestic 
animals. Compensation for livestock lost to lion was offered to reduce the economic 
impact of predation. However, many sufferers did not apply for the compensation as they 
did not know that they were eligible. Many complained about the compensation system 
and only a few understood the conditions for eligibility, and all had to wait months for 
payments. Those who claimed and were refused compensation were seldom told why. His 
study also showed that only 49 % of the local people showed interest in claiming 
compensation. As a result, the scheme did not enjoy local cooperation. Therefore, if not 
managed skilfully, the compensation scheme may not achieve its objectives. 
7.5.2. Education and participation 
1. Conservation education 
ACAP has given high priority to conservation education and believes that it is the 
foundation which will ensure the success and longevity of the project. A carefully 
designed conservation education programme suitable to the local community would, in 
the long run, help in changing people's attitudes towards snow leopards and other 
wildlife species. It is suggested that the message of snow leopard conservation should 
only be a part of the overall package of the ACAP education programme. A message 
acceptable to the local target group should be properly identified, materials such as 
posters and postcards of snow leopards would be helpful. Trekkers should also be made 
aware of the fact that they are trekking in snow leopard habitat and that their activity 
may affect the survival of the species. This could easily be achieved by adding a few lines 




Buddhists believe that no animal should be killed. The prohibition of blue sheep hunting 
in Manang is dictated by the same religious sentiment. Snow leopard is an exception as it 
is generally considered as a pest. However, this sentiment can be captured and promoted 
with the help of local gompas and lamas as an attempt to give snow leopard a similar 
protection. Lamas could possibly be persuaded to use their influence to stop the killing of 
snow leopards if compensation for lost livestock is offered. 
Award scheme 
Honouring the people who contribute significantly to the snow leopard conservation 
programme (e. g. lamas, committee members, or local village leaders) would encourage 
others to follow their example. The award scheme would also encourage the people to 
participate actively in other ACAP programmes. Such a scheme is being practiced by 
ACAP in Ghandruk area and has worked. 
Small scale community development project 
ACAP assists the local community with small scale community development projects in 
the current project area. Supporting the local community in the establishment and 
upgrading of basic services such as drinking water, health centre, and schools would 
establish ACAP as a partner in the process of local development, strengthening its 
standing in the community. 
Community participation 
Involving local people in the planning and implementation of snow leopard conservation 
and other projects of ACAP would ensure sustainabifity to the programmes as well as 
help to win local support. ACAP has accurately identified such needs and stresses that the 
project should be administered by the community and not for the community (Annapurna 
Conservation Area Project 1989). 
7.5.3. Habitat conservation 
During this study, most of the blue sheep kills were located close to juniper scrub which 
indicate that these scrubs are used by snow leopards as hunting cover. Therefore, using 
133 
juniper for firewood should be discouraged. It will be difficult to impose such a 
restriction on the general public as juniper sometimes is the only source of wood. 
However, trekking lodges and organised trekking groups should be encouraged to use 
kerosene or other alternative source of energy. This can be achieved by setting up a 
kerosene depot and making kerosene available at a subsidized rate. Similar arrangements 
have been made in Annapurna Sanctuary area by ACAP and have been successful. Clearing 
of large patches and setting fire to junipers is considered bad practice also by the local 
people and should be immediately stopped. Plantation of locally adapted and fast-growing 
species of trees around the villages would also reduce pressure on the scarce vegetation 
of the snow leopard habitat. Collection of Jimbu and wild garlic (A/hum spp.) does not 
seem to have any adverse impact on habitat, therefore, no restrictions are necessary. 
7.5.4. Conservation of the prey population 
At present, the population of the main prey, the blue sheep, is regarded as adequate to 
support the estimated snow leopard population. Depletion of the prey population may 
result in increased predation on domestic animals. Therefore, prohibition of trophy or 
any other kind of hunting of blue sheep in Manang should be retained. This will not be 
difficult to implement because blue sheep hunting is already locally prohibited in most 
parts of Manang, and this study has shown that the local community is against such 
hunting operations. However, in Nar, where blue sheep are hunted by local hunters 
(Sherpa and Oli 1988) such restriction should be immediately enforced. 
7.5.5. Law enforcement 
Reports on illegal trade of snow leopard fur in Kathmandu and elsewhere in its range are 
available (Barnes 1989, Chopra 1988, Osborne etal. 1983). By allowing such trade in 
the capital, Nepal, as a signatory of the CITES, has not only violated an international 
agreement, but also retreated from its commitment to the conservation of an endangered 
species. Thus, strict legal measures should be taken immediately to stop the illegal fur 
trade. 
Although strict law enforcement in Manang will be very difficult given the remoteness 
and inaccessibility of the area, it may be possible to improve the situation after some 
measures for protection of livestock and/or compensation for losses are provided. Some 
people can be expected to cooperate, and efforts should be made to improve the law 
enforcement situation in the area which will further discourage killing of snow leopards 
in revenge or for fur. It is also recommended that a few local people be trained and 
134 
employed as guards by ACAP. As they have a good knowledge of the area, they could be 
more efficient in detecting any poaching of snow leopard. They could also cross-check the 
claimed livestock losses if a compensation scheme is implemented. 
7.5.6. Extension of the Conservation Area 
Jackson and Ahlborn (1990) suggested that none of the existing protected areas in Nepal 
are big enough to support a Minimum Viable Population (MVP) of snow leopard. North-
west of the Annapurna Conservation Area lies the Shey Phoksundo National Park (map 
2.1) which harbours one of the dense snow leopard populations (Jackson and Ahlborn 
1989). It is therefore recommended that a survey of this region be undertaken, and 
whether the Shey Phoksundo National Park, Annapurna Conservation Area, and the 
habitat between these two protected areas is likely to support an intermediate or optimal 
Minimum Viable Population (MVP) of snow leopard (i.e. 250 individuals for 
intermediate Minimum Viable Population, and 500 individuals for optimal Minimum 
Viable Population, Jackson and Ahlborn 1990) be investigated. If the snow leopard 
habitat in the Shey Phoksundo National Park and the Annapurna Conservation Area with 
the proposed extension is likely to harbour the optimal or intermediate Minimal Viable 
Population, this proposal should be seriously considered. Alternatively, the area 
between Shey Phoksundo National Park and Annapurna Conservation Area should be given 
a protected status. 
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APPENDIX I 
Questionnaire used in the survey. 
Date: 
	
Place of interview: 






Description of stock holding: 
Yak 	Hybrids 	Cow/ox 
	
Goat Sheep Horse 	Total 
Has snow leopard killed any of your livestock in the last 10 years? 
DYes ()No. 
If yes give details. 
Date 	Age & sex of livestock killed 	Number 	Estimated cost 
Which of the following statements are true regarding snow leopards' livestock 
killing behaviour? 
( ) 	All leopards kill livestock. 
( ) 	Only old, injured or otherwise deformed or weak leopards kill livestock. 
( ) 	Only those living in the vicinity of settlements and/or animal herds kill livestock. 
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( ) They follow the movement of livestock herds and kill them as and when 
opportunity arises. 
) They kill livestock when encountered but do not follow the livestock herds. 
( ) They kill livestock only when there are not enough blue sheep to prey upon. 
( ) Others (specify) 
Why do you think snow leopards kill livestock? 
	
( ) 	They are pest. 
( ) 	Because of the scarcity of natural prey. 
) 	They habitually kill livestock. 
Other (specify). 
Are there any places around your village and pasture where predation incidents 
are more numerous than in other areas? 
Yes ()No. 
If yes, give the name and location of such places. 
Have you ever seen a snow leopard? 
Yes 	No. 
If yes, give details. 
Date sighted 	Place 	 Number 
Have blue sheep ever damaged your crop? 
()Yes ()No 
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If yes, give details. 
DatePlace 	 Type of crop 	 Estimated value (NRs) 
Do you think that it is necessary to control the damage caused by snow leopard 
predation on domestic livestock? 
DYes 	No 
If yes, which of the following methods do you think are appropriate (please rank 
to show your preference)? 
( ) Improving husbandry practices (e.g. better guarding of herd, coralling). 
) Avoiding the areas with high prdation risk. 
( ) Compensating for the loss. 
( ) Selectively removing problem leopards. 
( ) Eradicating all leopards. 
If you have recommended eradication of snow leopards as a way of reducing loss, 
which of the following methods do you think is appropriate? 
( ) Shoot 	( ) Poison 	( ) Trap and Kill 	( ) Other (please specify). 
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If you know of any incidents in which snow leopards were killed, please give 
details. 
Date 	Place 	 How? 	 Why? 
What kind of grazing method do you practice? 
( ) Rotational 	( ) Trans-humance 	( ) Stationary. 
If you practice rotational or trans-humance pattern of grazing, please give details 
of the pattern you use. 
Which of the following wildlife are found in your surrounding? 
Tiger 	( ) Leopard 	()Snow leopard 	() Black bear 	()Jackal 
Red fox 	() Thar ( ) Blue sheep 	() Pika 	( ) Musk deer ( ) Wolf. 
What has been the trend of the following wildlife populations over the last 10 
years? 
Wildlife 	 Population trend* 	 Reason 
Snow leopard 
Blue sheep 
* Population trend: 	Major increase, slight increase, same, slight decrease, major 
decrease, extinct, other (specify). 
Is hunting allowed in this area? 
DYes ()No. 
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If hunting is not allowed, who prohibited hunting? 
( ) Government ( ) Village 	( ) Gompa ( ) Other (specify). 
What is the reason for hunting prohibition? 
( ) Law 	( ) Religion 	( ) Other (specify). 
19. What do you think about blue sheep trophy hunting? 
( ) Hunting should be allowed to everybody. 
( ) Only local people should be allowed. 
( ) Only foreigners should be allowed hunting at a high fee. 
( ) Hunting should not be allowed. 
Please indicate your attitude towards following wildlife. 
Wildlife 	Strong 
	
Slight Indifference Strong 	Slight 	Reason 





In your opinion, how many snow leopards are there in your surrounding area? 
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